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When about to treat oi Indian crops I had no 
idea of teaching the raiyat the business handed dovn 
to him through thousands of years of practical agri- 
culture. To preach drytarming to men to whom it 
was a hoary tradition when Englishmen used paint 
instead of clothing did not appear to me the surest 
way to gain the confidence of the Eunbi, nor did I 
consider it wise to suggest seed selection in a land 
where 4,000 different sorts of paddy are grown in one 
province alone, and carefully differentiated according 
to their qualities and the land suitable for them. 
Even the modem plough has not been considered by 
me an essential in the improvement of Indian farm- 
ing. What did particularly strike me was the dif- 
ference in the returns per acre in this land and m 
Europe and America. In ao new a country as the 
United States it was soon felt that the crops were 
not such as might be obtained from the soil, with the 
result that mauuiing was resorted to. Natural 
manure, such as cattle dung, was used where obtain- 
able and artificial fertilizers resorted to when the first 
proved insufiicient. It is an acknowledged fact that 
India has been longer under cultivation than Europe, 
and tbat, at the present day, scarcely any cattle dung 
can be spared here for land not under garden culti- 
vation. It is also admitted that the revival of 
agriculture in Europe a£d the great increase of 
harvests there are due to the extended use of ierti- 
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lizois and the oonseqaent apread of intenflive cnltare. 
To bring this home to the raiyat was my intention, 

and I hope I have aucoeeded to a certain extent. 
But, aa in Earope, little could be done by the poor 
peasant before he had learnt to co-opeiate, and my 
first pamphlet, "The Revival of Agrionltiire", natur- 
ally dealt with this. "The Value oi Manures" 
followed. It was dedicated to H. H. the Maharajah 
of Baroda, who very kindly ordered the translation 
into Guzerati of my booklets on agtioaltural subjects . 
Then followed " Sugarcane treated from the Manurial 
Point of View" and "Eice and Coconut". As I 
had by me for some time a few notes concerning 
the fertilization oi " Tea and Coffee ", I thought it 
advisable to publish them, together with some words 
on "Tobacco". Coming back to crops more gener- 
ally grown, 1 sent some articles to the " ySou th Indian 
MaU" on "Wheat", "Cotton" "Potatoes" and 
" Onions " and prefaced these by a little treatise 
entitled "First Lessons in Agriculture", which the 
Editor has very kindly allowed me to publish in 
this volume. Messra. Higginbotham & Co, were 
under the impression that I should meet a larger 
circle of readers, if these smaller publioationa were 
ooUeoted and presented in book form. I have aimed 
at placing before the Indian landowner what has been 
done in other countries and what may be accompli- 
shed in India by co-operation and intensive culture. 
I may not have anopportunity of completing the three 
volumes 1 had in mind dealing with the chief Indian 
crops and the manureB necessary to bring about 
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harvests moie nearly appioaching those obtoiodd in 
other lands. It will consequently be a pleasnie to 
me to learn that someone else has undertaken to fol- 
low up this subject and treat the niany Indian crops 
from the same point of view. Mr. ^. C. Kelkar, 
B.A., LL.S., the Editor of " Mahratta" and the 
" Kesan", h8iB promised me a Marathi Edition of 
the present Volume — while Mr. Sundram Iyer of 
Madura will be responsible for the Tamil rendering 
of the same. A Canarese Edition will be taken in 
hand by Mr, B. H. Qonde. These Gentlemen have 
placed me imder a deep debt of gratitude for their 
generous and timely 'assistance. It will give me 
the greatest pleasure, and more than recompense 
me fpF my labour, to learn that this and similar 
volumes have found their way into the homes oi the 
peasants, translated into the various vernaculars of 
the country. 



JOHN KENNY, 

Poona. 
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THE REVIVAL OF ACRICUITURE IN INDIA. 



A few years ago, following the' lead of Ceylon, a 
BTHnber of Agricattnral- ABBoeiations were started in the 
Southern Presidency, with a. central Committee at 
Madras, They were active in the execution of their 
self-imposed task, and similar institutions soon arose in 
different parts of India to follow their example. Bat, 
when the first fervour had somewhat aabaided, those, who 
took upon themeelveB the duty of endeavouring tu benefit 
the people by, improvements in Agriculture, began to be 
appalled by the Herculean labour before them. To raise 
an inert mass, to change the tenor of life of over 300 
millions of human beings, who for thousands of years 
have moved more or less in the same gi-oove, seemed 
worse than foolhardy — it appeared next door to absolute 
lunacy. The people themselves did not want the change. 
The motive power arose from men who were not 
agricultariets, and was opposed by the inertia of an 
immense populution. Everything consequently pointed 
to the hopelessness of all endeavour. Added to this, the 
moat unpractical methods were often reaorted to, in 
order to impress upon the peasants the peculiar views 
of the various members of the several associations. 

In some places " Improved Irrigation " was the cry 
raised, and oil engines and pumps were considered the 
royal road to fortune ; in others, iron ploughs were the 
inatrumfints to which would-be reformers nailed their 
faith ; whilst a number, again, seemed to think the Indian 
Fa^er did not know the practical part of his business, 
and reqnired instruction on the subject from men imbur- 
ed with western science. 
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At this jonotnre the Central Agrieoltnzikl Committee 
of Madias forwarded to the President of each A^ricattonl 
AsBociation with which they were connected a volnme • 
entitled "The Organization oi Agriculture" by Pratt. 
1^0 better work oould have been issued to meet the 
exigencies of Indian Agriculture. Unfoi^tunately it wae 
read by few, and misread by a number of these. Co- 
operative Credit Societies were now declared a veritable 
panacea. 

In every direction imitatioQB of a sort were pat on 
foot of the "Raiffeisen banks that are spread over Europe, 
and Gtovernment very kindly came forward with loans to 
aid the banks to the extent of their aubsoribed capitcU. 
The most important factor in the Baiffeisen banks was, 
however, omitted. The security taken was that the 
individuals and not the property of the whole village, or 
all the members of the Society, and the Central Bank, the 
very foundation of an extended co-operative credit, left 
oat of consideration. 

Pratt's volnme ia rather balky, and contains much 
that may not be applicable to India. The members of 
Agricultural Associations aie hnsy men, who have not 
much time 1io devote to the study of works by European 
authors, or to the real wants of the farmers of the country, 
and it may be useful to lay stress on those pages in the 
" Organization ot Agriculture " which can be applied to 
this land, pointing out, in as few words as possible, the 
foundations, already existing in India, upon which a 
great auperstracturemay one day be bnilt. Aa in Europe 
the beginnings were small of the great Go-operative 
Credit Societies, that spread a net-wotbover the whole 
continent, so in India the poor village partnerships that 
already exist and the small unions tor common objects 



tbftt van be ttaced back for ages may Berre as tiw n^olai 
of the village baDks <A the fature, that will sare the 
feaaaot from the sowcar and point the way to prosperity 
and contentment. 

Bnt in treating of the Bevival of Agrioaltnie in this 
-comitiy it must be borne in mind that oomUnation is a 

«ine qua nov. Here the peasimiats come in with the 
word " impossible,'" without giving a moment's stndy to 
the sabject. Even the optimist admits it will be difficult, 
and with this most reasonable people wiU agree. ISo 
success worth the having was ever easy. But the difficult- 
ies are by no means so great as they first appear. A 
little study of the villages and -village life in India will 
show so milch co-operation existing on & small scale, that 
the difficulties to be encountered need be considered no 
greater than those met with in Europe a few years ago. 

The watchword then most he "Combine." It ia 
the seoiret of all success in Europe, America and Australia, 
and in India will be the bed-rock on which a mighty 
structure will ere long be erected. 

In order that we m»y be encouraged to undertake so 
ooloBsai a work as that which Ues before us, let us study 
the beginnings of similar undertakings in European 
■countries. 

It will be new to many that the renaissance, if it 
may be so called, of farming in Europe, began only 2ft 
or 30 years ago, and that the last country to be OKried 
on by this waye of improvement was England. 

It will be atill more startling and, let us presume, 
interesting, to watch how from small beginnings grea^ 
aesociationa arose to do good to untold miUjons. 
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Bmi in Europe paseire ieBi«tance to all chaiige woa 
at firat the role unoQg the farmers rather than the excep- 
tion, and it WB8 only after it was proved by experienoe 

that there waa a positive gain to the cultivator of the 
land — an immediate and by no means small profit — that 
oombinationa of individitalB in a village led to associa- 
tionfl that spread over whole countries.. 

A glance at co>operative societies in different parts 
of Europe will show difficnlties likely to be met with and 
siaiilarly overcome in India. 

Let ofi begin with 

BBLGIUM. 

A Flemish farmer at G-oor, went one day to the 
parish priest M. 1 'Abb^ Mellaerts and spoke to him 
about the poor quality of his crops. The curd had 
studied botany and other kindred subjects athis seminary. 
He had especially followed up the subject of artificial 
fertiliEers, and he had made experiments on his own 
account in the garden of his house. So be asked the 
farmer : — " If I tel! you of a remedy, will you use it 
" If it is not too dear," was the reply. When the farmer 
called again the Abhi gave him a sack containing 50 
pounds of chemical manures. The farmer was reluctant 
to take it. He had no confidence in such a manure as 
that because it did not smell strong enough. Were 
these peasants much more advanced than our raiyats ? 
It IB not so many years ago that even in Q-ermany a 
common saying of the farmers, a sort of definition of 
fertilizers, ran : — " Was diingt stinkt" i.e., "Manures 
stink." Even at the present day the credo of Krtgiish 
peasants is summed np in the elegant phrase " Muek, 
muck, and plenty of it." 
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The qaetitioa io Europe le where the muok is to 
coma from, and, if it be difficult to answer in » land 
where stall-feeding is the rule, what shall we eay aboat 

a country where animals pick up what they can, and 
the droppings, instead of going on to the land, find, 
&eir way to the kitchen. Mais revenont a not moutont. 
The farmer was induced to try it as an experiment on a 
potato patch with snch good results that he went to the 
curd for more. Then several of his neighbonts wanted 
supplies as well. Meanwhile the parish priest had been 
roading of what the peasants along the Rhine had dona 
in the way of forming combinations for the joint purchase 
of agricultural necessaries, and he called a oonferenoe of 
members of his flock to consider the adoption of a like 
scheme for Groor. His parishioners had no great faith in 
the proposal ; but seven of them put their names down 
as members of a " Peasants' Guild " ;ua£ to please him. 
The last four words bring us beneath the Indian village 
peepul tree. The peasants had no faith in combination 
or co-operation, as is the case in this ooantry, bat did not 
care to oSend the burra saheb, and were ready apparently 
to enter upon any scheme, which, in their heart of hearts;, 
they considered sheer folly. But they soon foond that 
they could get their supplies cheaper and of a better 
quality through the Guild than they could individually, 
and gra'doally more members joined. Within the year 
it ooneieted of 100 farmers. Oonsiderations of health 
then compelled M. Mellaerts to remove to liouvain, 
where he becanse an active writer on agricultural quest- 
ions and an especially earnest advocate of agricultural 
combination. A conference of agriculturists at Louvain, 
organised by M. Mellaerts ai^d others, followed in July 
1890, when it was decided that there ought to be, in 
every commune in the province, an agricultural usocia- 
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tiaa similar to the one at Qoot, and that, when formed, 

all of them should be connected with one central body. 
By the following year there were 89 local aesociations of 
different kinds ready for incorporation into an organiza- 
tion, to which the name of " Boerenbond " or " Feasants' 
Union " was given. These local associations moreased 
as foUowB : — 

1893 180 

1897 ... ... ... 349 

1900 ... ... ... 450 

representing upwards of 26,000 members and covering 
the Provinces of Antwerp, Brabant, and Limbonrg. The 
federation publishes an Agricultural Beview, holds a 
number of conferences and periodica! meetings, conducts 
experimental fields, has a centra) office from which a vast 
amount of gratuitons practical advice is given, exercises 
a nsefnl influence in regard to legislation affecting 
agriculture, and carries on so big a businesa in grouping 
the orders of local associations, that it has organized a 
separate section for each commodity, set up a mill of its 
own for the preparation of feeding stuffs, and established 
a wholesale warehouse of substantial proportions in the 
City of Antwerp, all this being done in a little more than 
twelve years. 

To the original founder of this great federation is 
further due the introduction and populnrization in 
Belgium of Raiffeisen Agricultural Credit Banks, of which 
there are close on '200, with about 10,000 members, in 
direct connexion with the Boerenbond, alone. 

In 1892, at Qrtfao, in the north of the Province and 
in the' German section of Luxembourg, the finrt leagnes 
oc syndicates of peasants were established for the pur- 
chase, in common, of artificial fertilizers and concentrated 
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feeding atuffs for eattle. Experience aoon shoved thie 
'value of STich institiitionB. The peftsaots found they 

could buy, ftt lower priuea, pvoducts of a. euperior qnalitjr, 
guaranteed by trustworlliy analyses against fraud. The 
soil began to produce abundant harvests ; and the cattle, 
better aoarished, improved in quality and gave a richer 
milk. Confidence in the future revived many hitherto 
disooumged caltivators. The i-esuU of sU this was that 
the people themselves soon asked their pastors to head 
the movement and create and direct agricultural aesooia- 
tioQS, with the result, that relatively to her size, more 
assouiations have been established in iielgium, in the 
interests of agriculture, than in any other country of 
Europe. 

It is said, with how much truth one cannot tell, that 
the Brahmin is losing his hold upon the common people. 
If an appeal to love of country .is not euccessfol, if the 
cry of ' -Bande Mataram ' proves useless, may not self- 
intereet he a spur to the priestly caste to take the lead 
in an agricultural revival that, while benefitting the 
whole population, once more firmly places them in the 
position they held for ages aa rulers and guides of 
HinduHtan '? Bolgiuin owes its present prosperous 
agriculture to its educated priests, who directed their 
poor parishioners on the road to prosperity, and there is 
no reason why the educated Brahmin should not begin, 
continue, and support a movement, that will bring untold 
blessings t,o India's teeming millions. 

Unfortunately every body wishes to have the support 
of Government, with the result that little dependence is 
placed by the people on their own efforts, and, as aoon 
as tW prop is withdrawn, life institutions that tottered 
for a time, with a semblance of life,' fall helpless to the 
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gtoand — very unnecessaij proofs of the law of isertia. 

In Europe we have exampiea of direct Government aid to 
the peasant treated with suspicion and ending in failure, 
while the combinations started by the farmers themselves 
inrariably prospered, and asBociations for the parchase 
of artificial fertilizers manafj'ed to bring under cultivation 
large tracts of land that till then had- lain waste and 
eonid not by other means have been made productive. 

Thejjundition of 

ITALY, 

now a model to all lands for its agrictiltura! associations, 
was, a few yeais ago, audi, that the change may prove 
a more fitting object leescm to all engaged in the great 
work of bringing about an agricultural revival in India. 
The peasants of Italy were, perhaps, even worse fitted 
than those of most other countries of Western Europe 
to meet the crisis that arose when the markets, to which 
they sent their products, began to be flooded with supplies 
from the vii^in soils of the Xew World. Italy had then 
not long attained her national unity, and with it she had 
inherited a bni-den of pnhlio debts that, poor as she 
was, crippled her power of action. These were steadily 
increased under the heavy expenditure necessitated by 
the altered circumstanoes of her political position. 
The burden fell mainly on the cultivators of the soil, 
and of these a large proportion were owners or occupiers 
of fai-ms of infinitesimal proportions. There were 
certain districts in which 25 per cent, of the peasants 
hod less than a quarter of an acre each. In a land as 
poor as India this statement seems incredible, and if the 
Bengah with his three acres and the Deccani with his 
six find it hard to believe what Pratt states to be on 



andoubted fact, bow can we expect the people ot Eatlittr 
war to admit itg truth, when their uait of land meaBure* 
ment is a Santhi, or 20 acres y But, added to all these 
miseries, the curse of India was also heavy on them : they 

were victims of a condition of usury that was Little better 
than slaven*. Money lenders flourished throughout the 
land, especially in the Northern Pro^'inceB, by advancing 
loans to the helpless peasantry at the cruellest rates of 
interest. In these circumstanceB it was not surprising 
that hundreds of the peasants were sold up for non- 
payment of debts or of rates and taxes, which did nofc 
exceed five or six shillings in amount. Translate the 
coinage and anybody hearing of peasants sold Up for 
non-payment of debts or rates and taxes amounting to 
four rupees would be ready to swear that the conversation 
turned upon the poorest parts of India at the present day. 
Whenever an attempt is to bo made to raise the Indian 
raiyat by means enccessful in (Curope the old song is 
re-echoed that West is West and East' is East. If ever a 
country was on the verge of hopeless ruin, it was the 
Italy of the time of which we speak. If ever a peasantry 
was sunk to the depths of poverty and despair it was 
the farming class ol Italia Unita. Yet Italy is a model of 
agriculture to the rest of the world, and the peasants are 
prosperous and happy. India is not steeped in such 
helpless misery as is portmyed above, and why should 
India not follow similar methods to rise from poverty to 
comparative comfort ? In Italy, under the circumstances 
related, more and more land went oat of cultivation, 
the numbers of the unemployed in the towns became 
swollen by the constant accessions from the rural 
districts, the emigratjon of ^hose who despaired of their 
country went on at a greater rate than ever, and, if any 
cosntry seemed ill -equipped to meet the coming eoonomic 
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straggle for the marknts of the nrorld', it waa pooC Italy. 

There was oijly one thing to be done. If they were to 
compete with the virgin soils of the new coantries that 
poared their cheap produce over Europe, the peasants 
must resort to improved methods of culture, and must 
especially make use of the fertilizers that agricultural 
chemistry was offering to the world, and of the improved 
forms of agricultural machiBery. But to do this meant 
the expenditure of money, and the problem that arose 
was : " How can the impoverished peaBa>ntry obtain the 
necessary capital 

The same two questions require a solution in India 
at the present day. The land, unmanured but regularly 
cropped, is getting poorer day by day. The returns are 
often ?o low that no European farmer would consider 
.'the produce worth the labour. Natural manures are not 
to be had, and artificial fertilizers must be used. But where 
is the money to come from? That question was asked in 
Italy and solved. It rests with India to decide whether 
Italy's example can and will be followed. Signer 
Wallenborg established at Lorregia, near Padua., the first 
of- those Village Banks, which have since so powerfully 
affected the general situation. The Village Banks have a 
two-fold character. Those known as "Agrarian Banks" 
are country branches (in effeol.) of a People s Bank or a 
Savings Bank, or, alternatively, are affiliated to some 
central organization, to which the deposits they receive 
must be forwarded, whereas the "Rural Banks" -have 
complete self-government, and can themselves ntilize 
deposits for the purpose of making advances. In either 
case the Village "Banks can dcaw on the People's Banks 
OK the Savings Banks, for the funds they may require 
to lend out to their members. The fear that was 
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entertained in the establishmeni of the Faople'i Bulki 

that the principle of anlimited liability of membere wonld 
be impracticable in Italy was dismissed on the formation 
of the Village Baoks, vhioh are mostly based on the 
Baiffeisen principle, the members of each bank being 
jointly and severally reBponeible for any default on the 
part of a borrower. The effect of this arrangement ifl 
that the Savings Bank or the People's Bank, which lends 
money to the Villagt Bank, has good seourity ; and the 
members of the Village Bank, aware of the risk they ran, 
are carefal to adinit as fellow members, and especially 
to make advances to, only such individuals ae are known 
to benonestand induBtrions. A loan would not be made 
oatside a Village, where, of course, each resident would 
be known to his neighbours. In this way it was found 
possible to grant loans to men, who, from the point of 
view of the ordinary bank, bad abaolntely no 'security' 
to offer. Moral worth, on which nothing could be raised 
at a People's Bank, was quite snffioient at a Village Bank ; 
and the losses sustained have, in point of fAct, been alto- 
gether insignificant. Bat there were two further steps 
necessary to make the system complete, viz., an organiza- 
tion to purchase good qualities at a low price, and the 
best practical acvice to be placed at their disposal in the 
laying out of the borrowed money. In Italy an of&cial is 
appointed by a Savings Bank as a Professor of 
Agriculture, whose function is to watch the progress 
of agricnltnre in the district. He is atao the director of 
the local agricultural syndicate, so that, when a would-be 
borrower seeks an advance from the Village Bank, the 
professor not only advises the members thereon from an 
agricnltural standpoint, ifoans being granted only for 
agricultural purposes and not for personal use), but he 
arranges for the goods in qneslicBi to be delivered through 
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the S3mdicftte to the boTrowet, who himeelf io. no oftse 
' faaadles the aotuft! money nomiiiEtlly lent him. 

If all this could be done in the Italy we apeak of, 
amongat the poor, down-trodden, Jew-ridden peasants, 
many of whom had no more than a quarter of an aore 

to live on, is there not hope for tVie Indiaa raiyat, who 
is certainly far removed from the awful state of misery 
depicted in the pages of Pratt's volame? Many of the 
ciroamstances are so similar that the whole chapter 
appears like the history of the most wretched villages in 
the worst States in this country. 

Yet, some years ago, there were already 65? People's 
Banks with 381,000 members in the country and a capital 
of £4.200,000 and 1,050 Village B^nka with 9o,000 
members and £-25,000 capital, 192 Co-operative A-gricul- 
taral Associations with 4o,000 members ; and the 
collective purchases amounted to £800,000 and 760 
Go-operative Dairies with 37,000 members and £40,000 
capital. 

Smaii, concrete examples appeal more to the agricul- 
turist than Bgures and great generalizations, and, as in 
all other Kuropean countries, we can show such to 
emphasize the progress of the revival, which in Italian 
agriculture, has been called, and rightij so, a resurrection. 
That a greater amount of land has been brought under 
cnltivatiori iti shown by the town of Sansevero near 
Foggia, where, in a little over 10 years, thanks to the 
People'^ Bank, no fewei- than 8,000 acres have been 
converted into vineyards. And with this there has been 
a corresponding increasf^ per acre, due to the greater use 
of fertilizere. maciiiuery, etc. 

.Whenever we see an improvement in the agriculture 
of any country in Europe it is found to be dae, primarily, 
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to thti ) atix}dacti<Hi of ftrtififiiaJ fectilizei's, to Mie the 
place ol, or suppiement natanil manaree, m& the first 
co-operative societiee formed were started with the 
object of obtaaning such fertiUzerB wholeeaie, so HuA 
individaal farmers could get the best guaranteed' aitide 
at the cheapest price. 

More than any other land India requires asao- 
ciationB for the above purpose, for, in many parts 
not a particle of manure, natural or artificial is, for years 
together, placed upon the fields. Is it any wonder that 
harvests grow poorer, and that the people become more 
4iBContented, especially when political wire-pullers put 
the blame for everything, even the poverty of the 
soil, on the shoulders of the Government ? If there is 
to be a revival of Indian agriculture it must begin with 
aid to the peasants to pnrchue manures or artificial 
fertilizers, without which no improvement in the oropa 
can possibly bo expected. 

Deep ploughing is much better understood by the 
natives than agricultural departments are aware of, or 
wit] allow ; but the knowledge is also not absent that deep 
ploughing without manuring cannot go on indefinitely 
withont reenlting in far greater harm to the land by a 
falling off in produce aa the years go by. The present 
scratching of the soil is, under present aircomstanoes, the 
most economical, and the peasant knows it' full well. 
These are frobably heretical statements deserving the 
anathema of those learned people who wish to teach the 
native how to till his soil : but enquiry in the villages 
will show that the fanner, instead of being ignorant of 
the art that brings him hi^ daily bread, is led by the 
dictates of tme science, whence and how handed down 
it is difficult to tell. Considering the means at his 



' disposRl tbe taiyai u as good a fanner as yon will find 

anywhere is the world, and the man who Tentored to 
Bay he bad little to teach them in this respect would Bin 
in the company of so respectable ab agrionltiural soientist 
ae Dr. Voeloket. 

Of course artificial fertilizers could not be introdaced 
alt over the country at once. This was not the case in 
European countries' and the story of 

HOLIiAlID 

may therefore he of interest to BQoh ae wish to see a 
change for the better here, In Holland, with the fall in 
the price of wheat, land was going ont of cnltivation. 
The State therefore started schools. If this wise measnre 
were followed throughout the length and breadth of this 
peninaala the G-overnment would be repaid manifold. It 
is not a coarse that eventually lands the scholar into the 
B.A., LL.B., paradise that is aimed at in this country, 
nor a curriculum that, ending at tbe Matriculation or 
the High School Final, ushers the happy scholar within 
the blessed portals of Government employ. The three 
B B, to save him from the oppression of the wily Bowcaj 
by enabhng him to know how his accounts stand/aud a 
simple book on the value of fertilizers ought to meet his 
needs and enable him to make intelligent use of the 
reports of progress arriving from other parts of the world. 

The i)utoh argued that, if tbe price of tbe produce 
could not be increased, it might be turned out at a cheap- 
er rate, or a greater gnantity from the aame area of land 
ought to pay. At the aame time other articles might be 
developed. Dairying and market gardening were intelli- 
gently pursued to contend with outside competition and 
against the high rent of the land so circomscribed in its 
dimensions and kept back by artificial iileanB from tbe 
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graep of the ocean. The State taught them how to 

maiiftge market gardens in the best manner, and the 
people themselveB banded together to sell to the best 
advantage by means of cooperative societiea oonduoted 
along extremely practical lines. The goods of the 
members, bofore being offered for sale, are inspected by 
officers appointed for the pnrpoee, and any that are 
regarded as below the standard are rejected, whilst those 
that are passed are labelled with the trade mark of the 
society. Thus approved of, the produce is offered for 
sale at the society's mart, the auctioneer being generally 
the president of the local society. The sales are attended 
by dealers and commission agents fi'om Rotterdam, 
Amsterdam, the Hagae, and elsewhere. The goods sold 
are paid for in cash, and the money is distributed weekly 
among the members, each reoeivingthe amonnt for which 
his prodtice has been sold, less a small sum set apart for 
commission. AU that a member is required to pay is an 
annual subscription of It. 6d. The total sales of the 
Weslland Society amount to about £50,000 a year, mostly 
fruit. The very essence of this combination is not only 
that the growers get better prices, especially in dealing 
with other countries, and not only that dealers can buy 
produce in bulk, bat also that the Bailways get regular 
consignments in car-loads and are able to make lower 
rates than if they could only expect irregular lots of 
comparatively small quantities. 

There ate 11 Agricoltnial Unions to disseminate 
information, purchase' seeds, manures, and agricultural 
implements, hold agricultural exhibitions, and establish 
Agricultural Credit Banks. ^ 

Unfortunately for us the difficulties of every 
European oonntry seem to unite in India to deter even 
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the most energetic of men f torn the anluoiu attempt of 
initiating ai»d foetering the roach needed revival in 
agricnlture. Xet in many tespects European countries 
snffered more than India with all its sad experiences. 

The bogey of all reform in India is the marwaree, 
sowoar, money lender, or whatever name the necessary 

evi! goes by. But there were money lenders in Europe 
who were tmdonbtedly as great Bharkn as any the East 
can produce. Yet, in spite of these, agriculture ptuepered. 
The lesson may be of use to the faint-hearted in India. 

HrNGAET 

is a land whose story ought to be taught to the . raiyat 
turned fatalist. In 1848 the last remains of the feudal 
syetera disappeared from the country. As soon as the 
cultivator had some property, he became an object of 
interest to the money lenders, who were foreign Jews. 
(This looks like the story of our frienda from Marwar.) 
They started an inn, (which the mai wai ee, be it said to 
his credit, does not do,) and lent money. At a time when 
they knew that the debtor could not possibly return the 
money, they demanded full payment, and got possession 
of the property (again it would be. a libel on the Indian 
money lender to compare him with the foreign Jew 
settled in Hungary], allowed the peasant to remain on 
the farm, made him pay rent for house, land, and the 
hire of the oxen, and thus left him barely enoogh to keep 
alire, while the produce of the farm benefited the money 
lender. This system was carried on principally among 
the most uncultured Slavs and Koumanians. 

To remedy this state ot affairs it was absolutely 
necessary to establinh co-operative Banks. Some of the 
difficulties met with in founding these are such as India 
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is ^ely to eneonitto:, and, weie thb naate of EiingEi? 

omitted from the narrative, the rnaea employed to 
prevent the peasante form shaking aS the fetters of the 
money ienders vould certainly be attributed to the .leftit 
worthy of our Indian Shylocks. Sometimes the money 
lenders deposited heavy Boms with the Bajiks and waited 
tin the money was all out is advances, and then withdrew 
the whole sum when it was least convenient to meet the 
demand, thus gaining their end, viz., the destruction of 
the Bank. In one village other tactics were resorted to. 
The leaders the movement held a meeting of the 
peasants to induce them to start a Village Co-operative 
Bank, wliich .the central organization would now be able 
to support. The peasants took a few days to consider 
the matter. They soon gave a reply in the negative. 
Enquiry showed that most of the villagers Were indebted 
to a group of money lenders who had set up a tooal £ank 
of their own and now threatened them that, if they agreed 
to the etarting of a Co-operative Credit Bank in the place, 
they would call in the whole of the outstanding loans. 
But the propagandists were equal to the occasion. They 
obtained from the central fund a sum of money sufficient 
to pay oS the debts of the entire village, thus getting the 
peasants effectually out of the grasp of the money lenders, 
and they then established the Co-operative Credit Bank, 
debiting the peasants with the amount paid on their 
behalf. 

Tt is not safticient to buy the farmers out of debt. 
The sowcar is appealed to for seed, oxen, well-digging, 
weeding expenses, etc., in the oonrse the year. The 
debts might, here in India, be compounded for a third, or a 
quarter of their book value, tut there must be someone to 
. take the place of the money lender, and that some obe 
3 



moat be a Village Bank or a Co-operatiir« AMom'atioa 
which must be able to lean on aome Central Bank or 
powerful organization. 

The establishment of a Co-operative Credit Bankin 
Hungary gave such a stimulus to the general movement 
that, by the end of 1908, there were about 2,000 loaai 
Co-operative Credit Banka in the country, and the year's 
business represented a turnover of some £3,000,000. The 
peasants also gather weekly and add together the quanti- 
ties of feeding stuffs they require, and the local officials of 
the Village Bank arrange the whole transaction for the 
peasants, obtaining and distributing the supplies, and 
debiting each purchaser with the amoant due from him, 
if he cannot pay at once. Other agricultural necessaries 
are obtained in the same way. 

If amonget the poor Slavs and Koumaaians such 
wonderful changes could be brought about in so short a 
time, is there any reason to despair of India ? Of course, 
as long a» there is ignorance there will be a certain 
amount of distrust ; but, even where, to the majority, 
arithmetical figures are but Egyptain hieroglyphics, a 
paneh or elected representative society from amongst the 
farmers is hkely to win their confidence, and it ia quite 
possible that the mere honour of having a representation 
on the Village Bank Committee will induce the peasants 
to have their children taught in primacy schools. Unfor- 
tunately in many parta, especially in Native States, it is 
not the children of peasants who attend the school 
specially formed for their benefit, but the shopkeepers and 
eowcars, who fatten on the people, are those who reap the 
benefit, even in education, from the money meant for the 
raiyat. But, once a beginning is made on the lines ltdd 
down in Hungary, a rapid advajioe will soon be made. 
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Agrioaltural AsBociatiooa ipread, rapidly tfaroogh 
Hnngary ascl took their guidance from the National 
Agricoltural Sooiety .which advises its membere aa to the 
kind of produce most likely to find parofaamBrs on the 
markets, gives practical guidance in respect to gro;ving, 
packing, and despatching, receives the produce in Buda- 
pest, supervises storage and sale, and remits tbe> produce 
of such sale to the producer, less a small charge for 
expenses. Its tumoTer is about ^£22,000 a year. But 
not satisefid with thie, new industries were soon set on ' 
foot or organized for the first time. Throughout the 
country Village Co-operative Stores arose, and Banks, and 
societies for egg-col leotion, dairies, and unions for the 
collection and sale of corn, farmers' clubs, libraries, 
reading rooms, and model farms. 

Yet, as a foundation on which to build all these, there 
was less co-operation known among these poor miser- 
able Hungarian peasants than can be found in Indian 
village life at the present day. Here, at least, it is nothing 
unusual to find a combination of five or six villagers to 
grow sugar-cane, that each individually could not attempt, 
nor ave we snprised when we see a pan-leaf garden 
divided among three or four owners in no way related. 
When we see a combination to draw a water-race from an 
annually bunded stream it appears quite in the order of 
things, and co-operation is expected when water ia to be 
raised to a height from a low-lying river to irrigate the 
adjacent land. Nor is the gata or mutual help system 
unknoini;.for it is very common to find S or 10 raiyats, 
each the owner of a plough, and a pair of bullocks, form 
a club to till one anothA's land. None of this was 
to be found in Hungary when the revival began, and 
little of such unions was known amongst farmers 
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in Europe some thirty years ago. Still we hear 
the complaints from those who have no faith in the 
future of ladion agriculture, that the miyats will never. 
b« got to combine. In every village, a little study will 
show co-operation of a sort carried on for ages, and 
the whole of Eathiawar is known for its Zamph <x Village 
fund to pay certain expenses common to the inhabitantH, 
India will soon leam what Hungary learnt. Experience 
has taught the farmerB that, as long as each relied on his 
own individual power in the disposal of his com, he 
laboured under certain distinct disad vantages,. He WM 
especially at the mercy of any ring of buyers that might 
be formed. They knew that if be could afford to keep 
back his crop for a more f avoorable market it was practic- 
ally impossible for a farmer located any distance from 
the railway to hold his crop until the winter, because he 
would not than be able to get it to the railway atatioB 
owing to the state of the roads. To meet the position 
thus created tht* farmers, in a nnmber of districts, formed 
co-operative organizations, which secured loana from the 
Credit Banks for the construction of corn elevators on the 
sidings near to some conveniently situated railway station; 
and totheseelevators the farmers could at once send their 
COED to be stoved, the individual lots loeing thpir identity, 
but, representing on the whole, analogous qualities of 
grain. By means of these elevators the avidlaUe supplies 
could be held any length of time. Not only was the 
pEeyious difficulty of getting them to the railway station 
in the winter obviated, but the aitiiitate collective sale 
meant the transport of the com on the railway in balk, 
thns effecting a considerable economy as compared with 
what would have been pud had each farmer sent o9 his 
own patticolac lot as a separate consignment. 
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To biiog aboat Bneh a anion for the purpose of 

sellingf the year's produce in common ought to be no 
diflicoit matter in the Native States in which, to the 
present day, payment is made in kind or partly in cash aad 
partly in kind ; for the people are aocnstomed to the 
stacking of their harrestB in the common granary, and, 
unfortunately for themfielveB, know the meaning of a 
delay in the sale, not for the purpose of obtaining a 
higher price, but to meet the convenience of the Berenntt 
Officers. 

Notwithstanding the examples here given of the 
difficulties iu Europe very similar to such as are found in 
India, overcome at last by the people, there are numberB 
who will still persist in saying that union will never be 
etfecttral in an Indian village. 

To such, one must mention-the case of 

BWITZERLAND. 

A considerable mcpanston in the indoatries of Switzerland 
between 1870 and 1B80 led to a steady flow of population 
from the country to the towns, abd the shortage of 
labour becfttne marked. It was necessary, therefore, 
to resort more to laachinery in order to solve the 
labour problem, and to the use of artificial fertilizen 
iu order to increase the volume and decrease the 
relative cost of production, so as to compete better with 
the foreigner. To establish an organization was therefore 
a matter of life and death to the Swiss farmer. Bat it 
took a long time for the peasant to work himself up to 
'^this conviction. An incanUlte individualist, he resisted 
any idea of actually resorting to combined trading or co- 
operative effort, even when already convinced of the neces- 
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eity of BO doing. Finally, however, he saw it had become 
for him a question either of combination or of rain ; either 
of rising to a true Beose of his position and showing con- 
fidence in his neighbour, or of dropping out of existenoe. 
When once the alternative presented itself mercilessly 
to the Swiss peaeanti he applied hiroReif with good 
spirit and a lighter heart and also with a skill at which 
we cannot fail to wonder, to the development of a great 
system of organized action. 

The actual pioneer of the movement was a certain 
landotf^ner in Baterschen, (Canton Znrioh), who had pur- 
chased, wholesale, a large supply of chumical manureB, on 
much lower terms than his neighbours were paying. 
This opened the eyes of the farmers to the benefits to be 
derived from wholesale purchases, and to the necessity 
of combination for the purpose. Tn 1874 an Agricultural 
Association was formed to secure such advantages. 
But though local orgaui^tions increased, it was only in 
1881 that a district federation of these was formed through 
the active exertions of a young parish priest. 

Here we have the wealthy landowner and the religi- 
ons leader combining to help the people to rise from their 
n&isery and their aloofness ttaax one another, to combine 
for the common benefit. Is it too much to expect 
something similar from the Hindu rais and the local 
representative of the parish priest ? 

Again, the very serious objection may be raised that 
the peasant is too ignorant in this country, and that there- 
fore no hope lies before him. Alright. Let this be con- 
ceded for the sake of argument. It will be brought for- 
ward by the educated cJaeses. This enables on appeal to 
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be made to them, and, that the imposnbility of helping 

the farmer may not be advanced as a shield, by these men, 
against the blame cast upon them for inaction or indiffer- 
ence, a reference will be made here to what was done 
by the University students in 

FINLAND. 

These young men, pursuing, their stodieaat HelsingfoiB, 

flocked to the lectures on agricultural snbjectB and, when 
they returned to their homes, even for the holidays only, 
became piopagandista of the agtioultaral co-operative 
movement. 

Is there not a societyj efitabhshed somewhere round 
Fooaa, with ramifications all over the coantiy, the 
members of whiph are sworn to spend their lives in the 
service of India '? Can there be a greater service done to 
the land they have sworn to serve than the introduction 
of the co-operative credit societies to free the peasants 
from their burden of debt, to enable them to pnichase 
the sadly-needed manures for their fields, to help them 
to band together lor the purpose of lessening their ex- 
penses by wholesale purchases and increasing their earn- 
ings by combined sales of pcodnce, in fine, to teach 
them to unite for a common pnrpose, which immensely 
benefits each member and the whole community ? 

In England, co-operation in Urban centres, in 
manufactuce, and in the pu^hase and sale of goods, has 
been in existence over half a^ntnry. It has be^n only 
lately, however, that agrieuUMral co-operation has been 
started, in the British Xslee. 
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The Agrioaltond Orgamzatioii Society in Ireland 

owes its origin Sir Horace Plunkett, and now there are 
the following co-operatiiTe bodies in that little island :— 



Creameriea 331 . 
Agricultural Societies 151 

Credit „ 232 

Poultry „ 25 

Flax ,. 9 

Industriea „ 60 

Beekeepers' „ 18 

Bacon-cnring „ 7 

Misceilaneous „ 13 

Federation „ 4 

Total 840 



These societies turn over 3 crores of rupees, a respect- 
able sum for s6 smalt and so poor a country, and the 
banks, though they have advanced about 37 lakha, have 
snffered no loss. The result has been the reduction 
of the price of artificial manures by about 30 per cent, 
and the cost of seeds and agricultural implements 
has been lowered considerably, a fact which could not 
have been accomplished but by co-operation. It has 
also been an edugation to the people in thrift and 
business habits 

In "England the Agricul tura! Organisation Society 
is only a few years in existence, but it has aftihated 
to it no toss than 15 Agricultural Credit Societies, 116 
Societies for the supply of requirements and the sale of 
produce, and numbers of others, totalling 185. The 
increase has been rapid. There were 25 in 1901, 96 in 
1904, and now nearly S pet cent <d the farmers in the 
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ooontry are members. Sales are made at a higher price 

than oould poaaibly be got by the individual members, 
and purchased goods obtained considerably oheapat. 

With similar institutione a far greater saving coald 
be made on each petty article required in an Indian Vil- 
lage, for purchases, made on an infiniteeiiual scale and on 
credit from the local bania, are naturally far from cheap.. 
Take snch a thing, for instance, as the small, but ever 
necessary supply of kerosene oil, and compare the price 
paid for the requirements of .the little buttee with the 
charge of the same when a case is bought, and it -wilt 
show pretty clearly that, though the villager's wants are 
few and small, he muat pay heavily for every little item 
bought. Yet it is not d^Bcending to unbnsiness-like 
trifles when we consider such small matters, for in a 
country Hke England even thesmallest articles that bring 
in an income are considered. The Framlingham Society 
sold more than a crore and a half of eggs, obtaining for 
them 25 per cent, more than was formerly got from the 
middleman. 

The Gaermarthen Farmers' Co-operative Boeiety 
gives ua an idea of what is being done in Wales. In 
four years it numbered 600 members, turned over £27,000 
and reduced the price of feeding staffs from 10 to 15 
per cent., of seeds 20 to SO per cent., and of artificial 
manures 30 to 40 per cent. 

At Kday in the Orkneys, North of Scotland, the 
poor crofters, with a capital of Bb. 198-12, have gained 
over 12,000 Eupeea. So thJt poor as Indian viliagers 
may be, there is every prospect Of good being done if the 
people will only combine. 
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Once oo-operation has been tiied on a small scale 

with the inlrodiictiori of Village Banks, indastriea will 
spring up like magic throoghont the length and breadth 
of the land. 

There is no need to refer to the oreaiBeries of Den- 
mark, of Norway and Sweden, and of Ireland. It i» 
bad enough to find such immense imports of sugar into a 
land that ought to supply the rest of the world, but it is 
almost unintelligible, in a country where ghee is a neces- 
sity, that decent butter is so little obtainable as to necessi- 
tate the purchase, by Europeans, of sach an article from 
Denmark, at a price cent, per cent, above what would 
be a handsome profit in India itself. Worse still, the 
clarified butter sold in this country is so adulterated, 
especially in the large towns, that the cry has been raised 
for a food adulteration act. It is not uncommon for 
people in the Madras Presidency, though they bear 
the cry of pal, as milk is offered at ev ery railway station, 
to obtain their butter from the Bombay Dairy Companies. 
It is time for patriots to drop noisy politics for & spell and 
to attend to the material wants of their 300 millions of 
fellow subjects. They can benefit their country far better 
by educating the people to a true Swadeshi, which must 
bring in its train a real advance all along the line. The 
necessity and the utility of combination ought to be 
apparent as the foundation of all agricultural progress 
and power. 

If, in British territory, owing to the hard and fast 
lines requisite in the government of the country, the 
estahlishment of Ttailfeisen banks in a few villages may 
not be so easy, a commencement should not be difficult in 
some of the various Native States. In these, on a small 
scale, and in a few villages, the State may act as the 
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Central Bank, Village Banks may be attempted, concen-. 

trated fertilizers purchased, and agricaltnral asaociations 
formed. These small orgEinizitioaa united, the comma- 
nitf may, in course of time, hope to oooompliah anything 
that the histoty of the Revival of Agriculture in Europe 
haa Bhown feasible by eI' determined united peasantry. 

But even in British Territory in India a very im- 
portant means can be used to bi-ihg about an agricultnral 
revival and that is the Indian Army. The company gar- 
dens, onoe so well known in cantonments, but certunly 
not appreciated by men enlisted f lom towns and cities of 
England, would probably be very much appreciated by 
the Native troops, coming from th^ land and aoons- 
tomed to work iu the fields, and should fona- part and 
parcel of the agricultmal classes that should be estab- 
lished. There is nothing strange or ridiculous in the 
idea, for it has been carried out successfully - both in 
Germany and in Italy, and more good would be done in 
this manner and the benefits of scientific agriculture 
more widely spread, if, at centres where large bodies of 
Native troops are stationed, a class were formed to point 
out the newest things science has to tell us about the 
cultivation of the soil. The first principles of the for- 
mation of soils and the consequent differences in fields, 
the plant foods taken up from the acre by various crops, 
the preservation of cattle manure, and the necessity for 
certain regulations to enable bacteria to do the work of 
maturing the farmyard manure, the value of natural 
and artificial fertilisers, and the proper method of ooii- 
ducting experiments — these would prove a sufficient 
foundation for earnest work orf the part of the scholars, 
when, on leaving the colours, they returned to their 
fields scattered all over the continent. Nothing would 



28 



help the spread of agricnltnrftl edaeatipn intxa than 
thU. 

Instead of building the educational stmctora of Agri- 
cultwre from below, beginning with elementary train- 
ing, and advancing b; stages to the. High Schools and 
Colleges, as is done on the Continent, we begin with 
and confine ,agricQltaral education to Colleges. 

In the 'Practical Adviser', a Weekly Supplement to 
the Westphalian VolkBbiatt, issued on the 8th March 
1909, we find the following taken from the ti-erman 
' Weekly Military News ' ;— 

" Instruction in agriculture is now to he introduced 
throughout the Army after having been fostered for two 
years amcmg the troops in Bavaria. Last year 60U0' 
men attended the school, while a great number of appli- 
cants had to be refused owing to want of room. In 
Italy this Institution has been in existence for ten years 
and the number of scholars attending during the last 12 
months was 56,000 It is said of the students that, on 
leaving the colours and praceeding to iheir homes, they 
form crystallising points for agricultural associations, 
and for progressive agricultural education. The agri- 
cultural courses have been so well attended and have 
created so lively an interest in (Germany, that they appear 
to supply a real want, and they point to the earnest en- 
deavour of the agricultural population to seize every 
opportunity to widen and increase their horizon of 
knowledge and experience. That young men of 20 to 
2S are especially drawn to tliis, requires no discussion, 
for we see the fact that the broader views obtained by 
recruits and soldiei's in the barracks seem to urge them 
on to attending these oiasses. Of course the ourriculom 
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is not exactly a preparation for agrioultare, but s naDi- 
bet of practical points caQ be studied in. theae army 
schools, which will amply reward attendance at them. 
It will perhaps interest a large oirols to know that 
Cteimany imports one and a half milliard marks worth 
of agricultnral produots that could be produced in the 
country, and thc^e who attend this course of etndies 
should have the fact brought home to them to stimulate 
them to bring abont a prodnotion of this in Q«rmany 
itaelf." 

The day has gone by when the farmer oould say 
cont«ntedly : — " My father before me and his father 
before him could neither read nor write and they got on 
well enough as practical cultivators. Why should I 
need more than they to carry on my work satisfactorily ?" 
The answer is simple enough. The rest of the world 
has not remained stationary even it Indian farmers 
choose to do so. It is a long time since the railway 
train acrived to take the place of travelling by cart, 
horses are now making room along our roads for motor 
cars, and steam itself is giving away before electricity. 
Everybody else in life sees the necessity for study, and 
the ordinary routine of learning has to be vastly changed 
to soit the modern necessity of apecialising, The 
Knropean farmer has- seen the necessity not only of 
oombination and co-operation but of studying hard 
everything connected with his bnsinesB. He is no longer 
satisfied with the facts he sees before him, bat he 
studies their caases and effects, the why and the where- 
fore of everything connected with his farm. It is true 
the great competition with Am^'ca, North an^ South, 
have forced this npon him. But are we in India quite 
outside the effeobs of this competition ? Decidedly not. 
India's ' prodnce has no avaal\ place upon the world*! 
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morketB, and " whatever isflaeoces this tells upon the 
wealth of the coantry and the well-being of the farmer. 
If Germany feels sehoosly the competition in wheat 
brought about by the immense suppHea forwatded ' to 
Europe by Argentina, will not the fall in prices tetl 
, against India when that South American country's 
immense i-esources are further developed.? If the price of 
wheat is lowered the Punjab peasant must prodnoe more 
on the same acreage, if he is to live at all. To do this he 
needs study, as the European farmer did nnder the same 
circumstances. And there is a great deal more to be 
learnt than the cultivator of this country dreams of . To 
workhia plough, he must be a good judge of the cattle 
he buys, and that alone is a science of which he does not 
know overmuch. If he wishes to get the most work out 
of his animals at the lea»jt expense of wear and tear, he 
must know the value of various foods, and this means a 
little chemistry. The very plough he uses may or may 
not be the very best ; but he must study others before he 
can be a judge, anil !earn 'Whether the strength of bis 
animals is being wasted or money lost -by continuing to 
cultivate his land in the manner his forefathers carried it 
on 4,000 years ago. Some knowledge of mechanics is 
required tor this. For irrigation he may require the 
study of pumps, for manures a knowledge of certain 
chemical plant food constituents, and for an idea of soils, 
.both chemistry and geology. During seasons of too much 
rain a little engineering for the proper drainage of his land 
will not be out of place, and in seasons of drought some 
bieteorology would not be out of place to help him to 
conserve the little moisture left. When sickness attacks 
his plants he might be able to trace the cause if he knew 
some entomology and bacteriology, and, by their aid, get 
rid of the danger to his crops, and at all times his mind 
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most be ready to note omm and iaffect and be pr^ared 
with prevention and cure. If everyone else mast prepare 
himself by study to follow even the most piaotical career, 
.such as mechanics, is the farmer aloQe to find himsdf 

saccessful by tumblmg into his father's shoes, or learning 
■" mukee ke mukee " what his father did, without the 
faintest notion as to why the things were done ? The 
merchant who is to be saoceasfol now-a-dayi Btndies trade. 
The farmer is also a merchant, or his crops would be 
useless. He mast study Geography to learn where and 
what is grown that may compete with or take the place 
of the crop he raises, and he must make himself aoqnainted 
with the rise and fall of the market, and the beat times 
and places for buying and selling. This looks like a 
demand for a knowledge of all the sciences ; but though 
no very deep study is required for each, the successful 
farmer needs a general knowledge of all these aubjects. 
Yet so many of our Indian fanners who cannot even read, 
think themselves cleverer than the rest of the worl^. 
«ven though they cannot cast accounts. Are such men 
going to compete with the farmers of the rest of the 
world Already sugar is pouring into India, though 
this country should supply I<:urape. Were the white 
sugar imported replaced by gul or jaggeree. how long 
would sugar-growing in India last ? It will be the same 
in course of time with the various cereals, and it 
will be a sad day for the country if it awakens to 
a necessity of study, only when the terrible pinch 
of competition has reduced agriculture to an mdustry 
that does not pay. Of course we cannot expect the 
fanner to study all these subjects atonce. But, when 
the three R.'s are maBtered,*and combinatioti afld co- 
operation begun in our villages, the day will not be far 
•distant when a demand will be made for an edocataon 



. 82 

such M will fit. the pet^le to fight the t»ttie of life m 
which success will be reached by Hie fittest. The 
Americans know the value of agticultncal education and 
they see the Tesalta of Bcientific farming. 

What can be (tone, by intensive cultaee, whether it 
.be tillage, or sheep and cattle farming, is patent from the 
fact that in England, about the middle of the last century, 
a farmer with 250 acres secured a net income of Rs. 1,800 
a year and there were farmefs whosfi revenue ranged 
from Rs. 7,600 to Rs. 15,000. Aod no wonder, when we 
bear in taind that it was the aim of the cultivator' to pro- 
i3uce fiO bushels of wheat and 100 bushels of oats per 
acre. It should be remembered that land pays the farm- 
er in England, thou^fh the labourer gets Ba. 60 a month 
during the Summer and Re. ^^CtoRs. 45 during the Win- 
ter ; but he does a good day's hard work to get these wa^es. 
Yet the English farmer was not, tilllately, a student of 
books. He read his Agncultural newspaper, and met 
other people at the fairs amd markets where ideas were 
exchanged. Conservative by nature, he did not reject a 
thing because it was new. As soon as he found a thing 
would pay he adopted it, for he was a man of hard com- 
mon sense. Thus it ia that his land, by the use of man- 
ures, has become exceedingly fertile, and his cattle by 
careful selection and feeding, are renowned all over the 
world: Since then he has found that the study of books 
helps considerably. We mnst also learn, whether it be 
frcffii books or neighbours, of what is done in other 
coontriea, not to appear more learned than our neigh- 
bours, but to consult with them as to the best means 
of improving the soil and the harvests. And for this 
nothing is better than a careful study of what has been 
BUcoeasfuUy done elsewhere for years. Despise nobody, 
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leam fram all. Let oQr Motto be " Science with pmc 
tice, " and with our small wants we ahall soon b6 
comfortable, if not actually wealthy. . . 

The oh)ection may be'raised that 100 ucre hoMingB 
are rare. 80 they are in France, where i million 
holdings are ondor 10 acres. A qoarter of the average 
cultivated land in Bavaria is divided into 2} acre plotB^ 
haU the hpldings are qndei 2S acres and only 1 in 1,000 
is larger than 260 acres. 

If we have in India all the difiicalties combined from 
which Snrapeon natioss suffered at the time of the 
Kevival of Agriculture, we have also got many advan- 
tages unknown to them, especially the village ayatem 
o£ government that has remained while invaders came 
and went, and dynasties changed, turbulence reigned 
supreme, 'and life itself w&b unsafe. There have been, 
with the village system, from time immemorial, a num- 
ber of co-operative schemes in existenoe. These want 
only development, and, with a little education and odop- 
ti6n of means saecDssfnl all over the world, there is 
every reason to prophecy a revival that will make India 
a marvel to the rest of the world, when wealth will pout 
in OB the land is developed, and manafaotnres follow upon 
the improved status of the peasant. With the arrival of 
the Village Bank and the withdrawal of the Sowcar let 
us hope that day is not far distant. 

People may also say that the need for intensive 
culture is not yet felt in India, that competition in the 
European markets rarely afEeftte the agricultural products 
of the country, and that there will be time to imitate 
Europe, when the pressure is felt here. The misery 
«auted by the nnpreparednesa of the European fanner, 

8 
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when Americft flog^ded hu mariiete, moat be realised hy 
thoee who bring forward this argument, if they are- 
to appreciate the awfnl conseqaencea to India of sooh a' 
delay. Even if no danger of Boch competition appeared, 
above the horizon, it is an estraordinazy way of endeav- 
ouring to benefit the raiyat and the country by allowing 
itgriculture to continue showing Buoh poor results. When 
the acre of wheat produces 9 bushels against 32 in the- 
United Kingdom, and the cotton harvest 68 lb. against 190 
ib. in the United States and 385 lb. in Sgypt, it la time to 
consider what improvement can be made witiiouG wainmg 
to be spurred to it by a complete loss uf the trade in these 
oommodities. But are we so free from danger from out- 
side competition '/ 

Id England a Royal Commission was appoiuted in 
1876, to enquire into the depressed condition of agricul- 
ture and its canses. The final report was published in 
1882 describing distress of unprecedented severity and at- 
tributing it to a " succession of unfavourable seasons, in- 
creased foreign competition, the increase of local taxation, 
cattle disease, and other causes." 

In 1893 another Boyal Commission endeavoured to 
ascertain the cause the continued depression among 
the agrionltural clE^ses, and the conclusions they arrived 
at were that, with the fall in prices, the value of land had 
gUnk about 50 percent. In 20 years cereals had fallen 40 per 
cent., and wool, dairy produce, and potatoes had fallen 
from 20 to 30 pec cent. And all this was due to foreign 
competition. 

If this could occur in a land where the cereal harvest 
is above ^0 bushels, have we nothing to fear where 10 
bushels ia the average return ? Is the day far distant 
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when prices will be so depressed by foreign competition 
tliat ft Wftil will be heard throughout India ? The steiim 
plooghed prairies of Argentina, the United States and 
Canada, maat ece long glat the European market, 
Continental ' sngar backed by science, may even replaoje 
our Indian gal, African cotton, in the no distant future 
may lower the valae of our cotton fields, and then God 
help the Indian raiyat. 

Intensive faiiuiog must be resorted to, and a regolar 
system introduced of rational fertilizing. The tarmera 

must unite, must co-operate, if only to aave themselvea, 
or they will soon learn the full meaning of the phrase 
" United we stand ; dirided we fail." 

Our returns are practically stationery. Soch is 
not the case with the progi'eseive countries of the West. 
In :R00 less t^n 156,000 bales of cotton were prodaoed 
in the United States : in 1910 the harvest was 11,500,000 
bales. In 1840 the maize grown amounted to 378,000,000 
bushels : last year it was 3,046,000,000. Wheat has in- 
creased from 86 million to 670 million bushels in less 
than 70 years. The present rice produce is 24,368,000 
bushels, and linseed ■'>,8.56,000 bushels. How far all 
these may still rise, and, by lowering the market value, 
prepare the rain of India,, no man can foresee. 

A few figures showing the rapid advance in exports, 
hy Argentina, <A agricultural products raised in India may. 
open our eyes. 

The following article* translated from a Oerman 
agricultural newspaper will give an idea of the rapid 
progress of Argentina and the light in which it is con- 
sidsred in Gennaay. 
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" The oompetitiOD in Argentina wheat this ye&r is 
rtE very great importance even to Germany, as it is (jaite 
evident Argentina is prepared md ia in a position to fill 
the place left vacant by the failing away of exports from 
the U. S. o£ America. 

It 18 Bcoroely 30 years sfnoe Argentina wheat came 
upon the world's ukatkets. In 1S76 the total exports 

from that country were 22 tons from a harvest of 300,000 
tons or rather less than ^ per cent, of the World's crop. 
The cultore of wheat has gone ap hy leaps and bounds 
since the eighties. 

In the area under wheat in Argentina was 

130,000 hektares ; in 1904 it reached 4,5000,000 hektares. 
In the sarce year land under wheat in Oermahy 
amounted to only 1,920,000 hektares, and Argentina 
had sent out 18 per cent, of the world's wheat exports. 

Slowly, hut constantly and steadily, the culture of 
this crop is going southward to a more moderate ohioate 
and Buenos Ayres is now the centre of the wheat grow- 
ing district, 5" South, instead of Santa £e, which ten 
years previously had been the chief mart. For the next 
20 years we must expect ever increasing, expanses to be 
brought under wheat cultivation, and a corresponding 
export to follow. All th« Argentina landowner has to do 
at present is to use a steam plough on the land and 
scatter his seed. By the time the wheat crop begios 
to dwindle, alfafa will he sown for his hei-ds of cattle. 
How Germany with its artificial manures can compete, 
it is impoBsibie to tell, for it will pay Argentina to 
export when all chance of profit has come to an end in 
Germany. 
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' With a hsrrest of !^689,000 tons aermuiy pnidiu- 
«d in 1901 only 4*81 of the total of the world's wheat 
harvest." 

It ia not in wheat alone that competition is to be 
feared. 

Bxports of linseed were : — 

1907. 1908. 
India 393,214 tons 162,8^0 tons 

Argentina's 881,887 „ 1,083,364 „ 

To give some idea of the rapid increase of ageionl- 

tural products in Unds latety brought under cultivation, 
it will be safficient to quote a few figures stating the 
increase of wheat growing in three Pcorlnoes of 
. Canada : — 

AVBB&OE. UNDBB WHEAT. 

1901. 1906. 

Manitoba... 1,96-5,193 acres 2,721,079 acres 

Saskatchewan. 487,170 „ 2,117,484 „ 
Alberta.,. 43,103 „ 238,930 „ 

Tet of the total land area of Canada viz. 858,608,837 
acres, according to the Census of 1901, only 63,422,301 
were occupied, and the rural population amounted to no 
more than 3,860,000. 

Between the great lakes of Ontario and the mount- 
ains of BriUBh Columbia lies an area of over 600,000 
Square miies having a population at present of about 
800,000. It is essentiaUy a wheat-growing country, 
probably the greatest continuous area of its kind known 
in the world. With oaly one^ixth of its area in wheat 
it would produce a ciuantity equal to one-half of the 
pJ:s8ent world's production. 
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Bailcoftds «re,beiBg -bnitt in muiy direotiooB, and 
new ar«aa are being opened ap.every yeftr. The popula- 
tion is growing rapidly. 

In 1881 it was only 43,228 

„ 1891 „ „ 219,303 

» 1901 , 419,512 

„ 1906 „ „ „ 808,863 

Canada's nine provincee measure 1,400,000 square 
miles and the unorganized, and partially explored land is 
nx) less than 2,100,000 square miles. Only about 3 per 
cent, of the entire area is as yet occupied. In a few years 
the occupied area will be increased many times over. 

In South Australia though a yield of 7 bushels is 
financially as satisfactory as one of 15 bushels in New 
South Wales, or 20 bushels in New Zealand, the cost of 
growing wheat being phenomenally low, the people see 
that more can be gained, and of 2,000,000 acres under 
wheat in 1906, 1.321,000 were artificially manured 
against 60,000 acres ten years previously. 

The wheat belt in Austral a produced from 
5,978,000 acres in 1906-07, 06,100,654 bushels. 

The output of wheat had tripled in the preceding 

16 years. 

The area under maize in 1906-07 was 325,561 acres 
yielding 10,175,000 buehele of grain. 

Forhay-m^ng with wheat and oats 864,200 tons 
yr 'ate used, the growth of 591,771 acres. 

Hitherto settlers bept to one line such ae wheat- 
growing, sheep and cattle rearing, dairying, eto. The 
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Eeverses of & few yean book have brought about fnllec 
recognition of the fact that mi:ied prodaotion is the BUfer 
method . 

Queensland once put 14,000 acres onder cotton, and, 
tboagh the indaetcy iangui^jhed, during the last 2 or S 
years attempts at a reviyal of cotton oaiture have been 
made, and once they succeed we will have a formidable 
competitor. Africa is already on the lists against ua. 
Their cotton, which is a better staple than ours, may yet 
render Indian lint of ne&t to no value. 

When the 9 busheln per acre of Bussian wheat be- 
come 30, not much wheat will be exported from India. 

What may yet be expecteil from China, if a revival 
takes place there, it is impossible bo conjectnre. Sut, 
that India will suffer, there is not a shadow of doubt, 
nnletis a rational.system of fertilizing is introduced to 
obtain, from the same area, returns so much' greater, 
that the increased production will more than compensate 
the fall in price. The experience of Kurope a few years 
ago will soon be the experience of India. It behoves us 
then to benefit by the means used in Europe to combat 
the fall in prices, and to avoid the evil by preparing 
against it in time. Whether the present fatalism or 
indifference is due' to ignorance of the world's history 
of the present generation or not, it is necessary that the 
educated classes should bring these lessons home to the 
Indian peasant or the whole country will suffer the 
terrible results impending. 

The euormoas figures of harvests from America and 
tbe wealth they bring into the country should act as a 
stimulus, to all true lovers of India, to urge our raiyats 
to imitate the intensive enltmre of the United' States. 



.40 



In HTUi*e;''B Magi^ine tot Deoembec 1910, we 
read: — 

" As a nation, we are again blessed with abundance 
in the matter of the harveats. The total wealth drawn 
thie year from the soil of the United States, inolnding 
orpps and animal prodaota^iB eatimated, in ronnd figmes, 
at niue billion dollars. There is no eerioua shortage 
anywhere, while on the other hand we have record — 
breaking yields of at least two important crops — com and 
oats. We have the fertile fields, and we have farmed 
them with succeas. 

Although it ia even yet too early to give the definite 
totals of every corp. the harvest season has progressed 
for enoogh to make possible close approximations of all 
the moat important staples. Here is the basis of our 
prosperity as a mition, the record of the harvests, given 
in quantities and in farm values, and comparing the 
results of this season with the results of 1909. 

Quantity, 1909 Farm Value, 1909. 



Corn 

Wheat : ... 
Oats 
Barley 
Bye 

Buckwheat. 
Flaxseed ... 
Bice 

Potatoes ... 
Hay 

Tobacco ... 

Cotton 

Cottonseed. 



2,772.376,000 bushels... 

737,189,000 
1,007,368,000 
170,284,000 
32,239,000 
17.488,000 
25,856,000 
24,868,000 
376,537.000 

64,938,000 tons 
949,357,000 lbs. 
10,609.668 bales 
6 J81,600 tons 

Total 



$1,628,822,000 
730.046,000 
408,174,000 
93,971,000 
23,809,000 
12,188,000 
39,466,000 
19,341,000 
206,545,000 
689,345,000 
95,719,000 
129,537,500 
129,587,500 

94.879,867,595 
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Qnuitity, 1910. 


Farm Yabu. lUO. 


Cona ... 


3.0^,000.000 bnshelB., 


91,623,000,000 


Wheat ... 


669,539,000 


627,353,000 


OatB 


1,056,466,000 


379.967.M0 


Barley 


151,726,000 


85,118.000 


Kye 


32 08a 000 


9!t fl60 000 


u V A n *A vCB ||. 


15 fiOO 000 


1 1 005 000 


Flaxseed 


17 068 000 


39 935 000 




■28 000 000 


2.^ 200 000 


Potatoes ... 


300,905,000 „ .. 


204,014,000 


Hay 


60,374,000 tons .. 


■ 718,621 000 


Tobaooo .1. 


940,000,000 lbs. 


94,000,000 


Cotton 


11,500,000 bales .. 


836,700,000 


CottoQseed. 


5,750,000 tons .. 


172,500,000 




Total .. 


$4,724,772,000 



But the very first step to aid the Indian Faiyfkt 
must be the establishment of a Central Bank, such 
as that proposed by the Honble Sir Damodar Vith- 
aldas Thackersey. The question then arises as to the 
distribution of the money from this central soorce, 
which acts aa a great reservoir, from which canals 
will oatry the neoeasay water to the' parched .land. 
The secarity is there in sufficiency, like fertile land 
which only a waits the supply of credit to make it fructify 
and bear hundred-fold crops. When treating on this 
subject the varioas ends for which banks have been aad 
are establisihed do not require consideration. The ques- 
tion here concents the eabablishment of Agricultural 
Banks only, meant principalljt loans to cultivators to 
help them with funds, when most necesaary, with the 
object of enabling them to get the best proiits from 
their - lands. Snoh will always leqaire oataful and 
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consaieotioas management ; but as they are likely to be- 

small, and reatrioted in tbe area on which they depend,: 
the riaks run will also be few and trivial. Yet upon 
these, to a very great extent, will depend the future 
.weftlth of ihie vast continent. 

■ Here we will consider two sorts, common in Europe, 

and see which is more likely to be easier worked and 
more profitable to the shareholder, the peasant, and the- 
country. 

Both have for their object the supply to agricul- 
turists of cheap and sufficient capit il, and both are ran 
on the co-operative principle. Both educate those who 
partici{>ate in the profits obtainahle from them, both may 
be <rf use in this country, a,ru\ lliere is no reason why 
both may not be succeBsfully carried out. 

It is the want of securi^ that, to a great extent,, 
is the cause of usury in India aa in other countries. 
Given a reliable security, there ought not to be a diM- 
cnltyin obtaining credit. Further, this credit, especially 
among the very poOT, must be brought to the farmer's 
door. An ordinary bank would find almost insuperable- 
difficulties in a&ceniaini:ng the solvency and credit of small 
farmers, and might reasonably object to be burdened with 
land in oat-of-the way places for payment of debts. With 
rural banks there is not much danjjer of failure to repay 
loans, for the persons to whom loans are uiade .are 
thoronghly will known in the district, and the mere 
fact that peji^onal security is required brings a powerful 
influence to bear on the return of capital lent together 
with interest. 

Of the two systems under which meet co-operative 
ror^ Bankt mav be classed, the 8chul!se-DeUtzsoh> 
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modtfifid LnzEntti, will probably, be useftU to iba 
contparatively few, who have a fair amount of land and 
snbstonoe bnt often staod is need, of ioans to tide over 
diffieult times or to effect improv^meDtB, while to the 
vaet majority in India the Baitfeisen system will be 
more beneficial, though, till it ia uudei'stood, capitalists 
may not be inclined to give their aid, under the impression 
that philanthropy is required, which they consider a poor 
investment in this world, however jiaying it may be in 
th^i next. 

Wf! Rhall therefore consider these systems separately 
and see how far each singly, or both combined, will act 
towards the regeneration of Indian agriculture. 

The difference in the systems, however much their 
principles agree add their results are similar in communi- 
ties of different degrees of wealthy or.r^ther poverty, 
appear in their very formation. 

To start on the Sshulze-Uelitzscb system. 

(1) a fair amount, or what^onld be considered such 
in India, is required : 

(2) loans are made to the individiial members only. 

fio far the system and its Italian modification agree. 

The questions on which they differ are — 

(h) the minimum price of the shares, and 

(b) whether UabiHty should he limited or unlimited. 

To safeguard all credits ordijiary security ia taken, to 
which is generally added personal security, and for this 
purpose the Bank requires a regular private book in which 
is entered the ossesaed credit value of each membec. 



This of coQiBe mustbe secret.. , The wwaptuu» of 

flbareB as security may prove daogeroas, t<^v thfl bonk 
may, in coorae of time, be left with the greater omabec 
of its shares in place of the repayment (d its loaos. 
The most carefnl oheokiog of the management by a 

committee is required. Where these emallet Banks 
belong to a larger Union, farthei sapervisionon the part 
of the Union becomes a necequity. 

These banks have been very usefnl, and, not being 
restricted to the financing oi agricalture alone, have done 
■an immense amount of good to agriculturiats a'nd non- 
agricultahsts alike, wherever they have been established 
in Europe. 

When started in populoos districts where poverty is 
not grinding and the necessary checks are ever ready, 
' they prove prosperous undeitakings to the members, who 
must be shareholders. 

Whether, and how far, they would suit Indian 
villages, is another question. 

The Baiffeisen system appears one much better 
adapted to the circumstances of our peasants, and is the 
one hope for the genei)U revival of agriculture in India. 

Its aim has been described as philanthrupic, but 
there are many examples of philanthropy well-regulated, 
that pay exceedingly well, and there is every reuon to 
hope that true patriotic pfailanthropistB will obtain the 
ends in view. Whilst showing good banking profits and 
proving themselves good business men. 

By 'this Bystem we tap a security hitherto unre- 
cognised, yet such proved value, that, immense sums 
«t credit have been obtained on it all over Eurt^, vis., 
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the honesty and capacity for work of the indrndoal, and 

hie neighbour's belief in it to the extent that he is reafly 
to pledge hia credii as farther secarity.for the return of 
the loan. 

Here we have to start a Bank for the benefit of the 
very poor, hardened in many oasee by debts upon which 
the interest of usury has to be paid. Saoh people cannot 
be asked to combine their capital, which is non-existent, 
in order to help one another by the combination. They 
want the meana to be relieved of the awful drain apon 
their resoaroes occasioned by heavy interest paid often 
upon ancestral debts, a,nd the help to start afresh, The 
business of each partioalar Bank may be small, but the 
large number that can be financed by a Central Bank 
will bring in a steady, and, in India, a by no means small 
return for the capital expended. 

No shares are to be bought, no entrance . fees paid, 
and, for'security, all who agree to be enrolled as members 
must bind themselves individually and collectively to 
pay for the loons and interest not returned to the Bank 
by borrowers. Wherever there are small communities 
rooted to the soil, as is the case all over India, every one 
in the village knows the character and means of the 
others, and no village committee will be so foolish as to 
lend money, for which they are responsible, to aAy 
member of the community likely to squander it. Natu- 
rally no one will be admitted to the privileges of the Bank 
unless sobriety, and honest and hard work enforce confi- 
dence in his character. In everf Indian village there ore 
numbers with no better security to offer, who could rise 
to comparative wealth, provided they were relieved <rf the 
incubus of the money lender, and supplied wiUi the 
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-necessariee, espeeially laaniiraB, rsqiiirQd in inteiDBive 

^altivatioQ. Wherever garden crops are grown there ia 
aeoahty aafficient for wy Banlc, and the dry crops of 
eftoh year, not one of famine, will repay at the end of each 
aeaaon the money advanced on them, if the raiyat can 
only manure them. But it is not of the advantage of 
the Bank to recall the whole sum advanced in money or 
osherwise at the gathering of the crop. The profits to the 
farmer will not be large enough to show the great advan-' 
tagea of the ayatem ao soon. Easy payments would en- 
courage the peasant to pQt his profits into the farm, and 
thofi , increasing his returns, further encourage him to 
more intensive cnlture and rational mannring, which has 
heen the salvation of the peasants of ao many coantriea 
of Europe. 

The Central Bank ahould first aacertain the number 
of viUagei's in each little community upon whom they 
can rely, and to what extent their security is satisfactory, 
and obtain from them the security of each and all wh<> 
wish to benefit by the Village Bank, and then the necas- 
aary loan may be advanced , and placed in the handa 
of the elected committee. Loans to individuals are not 
the concern of the Central Bank. Kveu when loans are 
made they need not necessarily nor generally be made 
in cash. Manures, implements, etc. can be supplied 
after being bought cheaper and better by the committee 
than the individual borrowers could possibly have pur- 
chased them. The same plan is carried out in many 
parts of Europe, and may be very necessary when un- 
usual sums of money reach the hands of otherwise 
careful steady men. 

The security is consequently far greater than the. 
tagavi loan advances of the Sorentment con show.' 
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' Ab an example of what mvy be done by timely aid 

in the shape of money advEmcea at a low rate of interest, 
we hare only to look at the Seia, Canal Scheme Tagavi 
Advances. Here Government came to the help of the 
nugaroane growera with advances of Be. 474,:^16, 
between January 1908 and June 1909. Ab Government 
reguiied their 3^ per cent, net on the loan, and the usual 
Government management is not, as a role cheap, the 
farmers were charged 9 per cent. A bTisiness concern, not 
dealing with individual borrowers hut lending to the vil- 
lage on the seoority of the community, coold have obtain- 
ed 7 per cent, and 2 per cent, would have been ample 
for the further wofkingof the loan scheme by the 
responsible farmers helped by a good accountant. And 
though the Bank got 7 per cent, in interest, the money 
would reach the peasent at the same rate at which 
they got it as tagavi. Of the 4 lakhe odd advanced, 
!2,0T,815 were loans against crops due for crushing 
between October 1909 and June 1910, so that the 
report deals with Bs. 2,66,500, with interest till June 
30th 1909. The actual amount recovered was 
Bs. 2,2-5,689, and Bs. 18,395 as interest. The remain- 
der stood over agoinat a further crop, where failures 
had taken place, and the loss to Government was nil. 

In this scheme the element of risk was not small, 
as loons had to be made to individuals by a Government 
-officer, who certainly oould not have ao thorongh an 
insight into the character and means of the borroW^er as 
the members of the villiage commuaities would have ; 
nor could he supervise as.oareftiUy the nse made of the 
loans received, aa would he the case when the commu- 
nity were held responsible for the repajwent of the debt. 
Yet in this ease we not anlj see the loans repaid, though 
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probably 7Q per cent of the viUagere were B>t the same 
time indebted to the local bania or marwares, bat the 
very first inTeetment made on the receipt of the loan » 
found to be a purohaee of oilcakea, fish, and other 
msnureB employed extensively for fertilising bo expens- 
ive a crop ae sugarcane. The co-operative eystem of 
purchase and sale was at onee understood and appreci- 
ated by the villagers, for Gtoveriiment boi^ht fertitisera 
, in quantity and cheap and retailed them at wholesale 
prices to the farmers, besides selhng the.produoe for them. 

Though 50 per cent. oE the money advanced produc- 
ed a net profit to the raiyat of less than Be. 150 per 
acre, a not very handsome return when the long waiting 
is taken into consideration, yet in 28 oases, or 11*2 
per cent., the profita per acre ranged from Rs. 300 to 
Bs. tiOO, enough to make wealthy raiyats in a few years 
of such who obtained, by loans, the means to show their 
skill in intensive farming. Unfortunately we have no 
returns showing the exact ^amount spent in each indi- 
vidual case on manures, an item which would have 
proved of absorbing interest to those who might wish to 
iatrodace village banking on the BaiSeisen system, and 
of very great importance when the consideration of 
short loans for rapidly matnring succeeding crops is 
taken ap by the practical bosioese man. 

Where not much oash is advanced but the fai'mer's 
neoeaaitieB are supplied, on account, by the village bank- 
ing committee, not only are stitl fewer risks run, but 
loans are still less liable to be abused, a spirit of co- 
operation for purchases and sales is started, and a real 
education in thrift given to the whole village, agricul- 
ture benefits a great deal more by ^e keen iatereitt. 
taken by all in the soocess of indiyidoals^ more land 



eomea nuclei h^t^ai ti^ltivatioo, ihe mdebt^do^, 
that has hitherto hung like a millstone round the neok 
of the pewfmt, will be removed, oace, tQc ftU. With the 
tagavj ftdvonbeaa loan beyond the limit of . a year, which 
may or may not be one of bumper cropa, ia difficoLt to 
attain far such things as the purchase of fertitisecs, EUid 
there is danger that the taiyat may be still further 
involved with the money lender if the year's crops are 
not saccesaful ; but, with the security of the whole vill- 
age and the constant check on each iodividoai borrower 
consequent on the unlimited liability of all, the repay- 
ment can be gradual, provided fixed sums of capital and 
interest are recovered after each harvest. 

From all parts of the world we learn of the success ■ 
of this system and of its eduoational influence, for none 
bat reliable men vre trusted with loans, and this is a 
jgreat incentive to hard work, honesty an^ thrift. 

Throngh a village Bank the loans need not be re- 
stricted to agriculturists only. Trades can be fostered, 
provision being made for the instant calling in of capital 
when not need for the purpose for which it was borrow- 
ed, thongh as was mentioned before, little ready cash 
need be placed in the hands of the borrower, as the 
banking committee purchase the necessary articles. 

It may be said that those who have money are not 
likely to join their poorer brethren in such a scheme. 
Bat the history pt village associations in India disproves 
this. They know well what serves their own interests, 
have always taken the leading* part in these, and have 
made ooBoessionB ki the poorer peasants such as we do 
not find in Europe, as is the oase for instance in letting 
iMidii to eo»lsnati(H» of tenants who wish to grow t^ 
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betel leaf or pan, till the eonoession from time intme- 

morial has aliaoat become a right. But even if at first 
the more well-to-do farmers kept aloof, the; would soon 
find it to their inter^t to join auch aBsooiations. In 
England farmers possessed of a fair amount of capital e(o 
not find it easy to obtain seeds, feeding stuffs and man- 
ures, at as low a price as the co-operative societies can 
get them, and credit is often out of the question with 
individuals for these purchases, whilst Kural Banks can 
provide it on easy terms. There are few farmers in 
Indian villages who can be compared with the tenant 
farmers in England ; yet in the Eastern Counties Farm- 
ers' Co-operative Association, established at Ipswich- in 
1904, the 686 members have, on an average, ,309 acres 
each, an extent o£ land not oft^n tilled by farmers in this 
country. 

As soon as the credit , obtained enables the villager 
to increase his crop he will see that it is to his interest 
to ask the banking committee to help him to the best 
price for his produce, he leams the value of co-operation 
in this respect also, and avoiding the middleman, in whose 
hags the profits of many a humper crop have lii therto found 
a resting place, gets rid of one more encumheanoe for 
ever. 

I may be allowed to suggest the foundation sketched, 
after a tour around the State of Junagadh, on which, 
it appeats to me, our Eaiffeisen Banks may be boilt, and I 
hope it will be possible to carry out the plan witiLneoessory 
variations in other parts of India. It is merly an extract 
from the notes made for my Annual Keport for the year 
1908-09 and I shall take it as a favour if gentlemen 
long 'Connected with Kathiawfti and neighbouring N«iiv« 
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SiUes will ptMnt ovit the defects and suggest improve- 
ments if they consider the scheme at all practical. Under 
the Chapter " Indehtedness of the farmer " 1 wrote : — 

The raiyat is invariahly in a state of indebtedness, 
'STeraging as far ae I oonld ascertain in Jonagadh terri- 
tory, about Bs. 250. Much of this dates from the famine 
year and ie due to interest npon interest, which is charged 
at the rate of 25 per cent. Heavj' as this burden lies 
upon the peasant, it does not give an idea of what he 
actually pays on loans. His produce goes to the sowcar 
at a rate far below its market value and. by the time he 
is done with one transaction, 75 % is nearer the return 
reoeived by the money lender than the nominal 26%. 
For immediate cash the creditors would probably be 
satisfied with 1/3 or 1/4 the amount on their books. The 
payment of this, however, woald be of little use in a 
short time, for, in the absence of fuads, the farmer mast 
again fall into debt, and, at he ca.n pledge nothing but 
his produce after the State share is paid in, a heavy rate 
of interest must be imposed on a commodity so uncertain 
of realization, doubt the power to sell or mortgage 
land may lead to still greater evils unless some plan be 
devised to check the danger. There appears to me a 
chance— particularly in this State — of coanteracting the 
liability to serfdom, following sales, by the introduction, 
of course on a very limited scale at first, of an amplified 
Zampli, that should take the place of the Bai£feisen 
Banks in Burope. &a I understand it, the Zampli is a 
system in vogue in every village in Junagadh and in 
most places in Kathiawar, 1^ which provision is made 
amongst the peasants themselves to raise a common fund 
in ofdec — 

1. To pay the batta charges of the havildar on 
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gji&ti at the Ealawac or village granai7, THien the syttolta 
of payment to the Stata in kind prevails. 

2. To erect his hot in the Ealawar. 

3. To give charity to fakicB travelling singly or in 
gronpfi from village to village. 

4. To pay for the wqrship of the goda. 

fi. To meet the expenses of deputationa sent to 
crave a redress at the village grievances. 

. 6. To pay any other expense common to the whole 
village. 

For this pnrpose the raiyats meet to elect five 
or more oi their nnmber, who are aathorized, in the 
name of the village, to borrow money from a merchant 
at from 10 to 12 pec cent, more or less. Money is not 
always borrowed, but commodities are taken, as recinir- 
ed, on credit. 

When the produce is harvested the common debt 
is distributed among the villagers according to the 
number of santhis held. (A Santhi is 30 acres.) It 
generally varies from As. 4 to Bs. 1-4-0, more or leas. 

Every peasant has the right to check the accounts, 
thongh the patel and leading raiyats settle alt matters 
connected witb the fund. 

Here we have the co-operative principal carried 
into practice for ages in India, and it appears to me that 
no better soil can be found for the growth of co-operative 
Booieti^ than that ot Kathiawar affot'ds. It may be 
that, in the Zsmph, the amount contributed by each 
individnal setdtnn rft^cbes a figure beyond what m 
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atiob for o(Hoperatioii such as was not bo be met wUft 
, in Europe when Village Bonks were ficst estabtUh«cli 
and, if the BeourilQr for the sikiatl soms controlled by the 
Zampti preoludeB all poeBibility of loss, the history of 
Co-operative Credit Societies in the West shows as few 
signs of bankruptcy, and so great a positive gajn, that 
all tra« toven of India ahontd be encouraged to make 
an attempt fraught with Ciaob immense possibilities for 
the oouutry. 

The question then that meets U9 is whether any 
amplification of this institution or of similar anions in 
villages in different parts of India may not meet the 
larger wants of the agrionltutal population. 

It may be useful, at times, to repeat the tritest »a.y- 
ings. Moaey will only be lent for money's valup. 
Were a co-operative society to undertake the assistance 
of tiie raiyat on commeroial lines, it would require the 
lat^ as A B«curfty in order to offer cheap loans. To 
this the Juuagadh State objects and there may be other 
rulers of a similar mind. The result is when the fvmer 
resorte to the sowcar the tatter does not take anything 
under 25 percent interest for the risk he undergoes when 
he oooepts a lien on the produce after the State share is 
paid. If the land could be mortgaged or sold the in- 
terest charged would probably drop to 10 or 12 per cent. 
A certain amount of land, however, would at once leave 
the raiyata hands to f^l into those of the money lender. 
Extensive would be followed by intensive cultivation, 
but an undesirable state woul^ 6nsue in the formation 
of a chjSB of serfs, and the remedy might prove worse 
^n the disease. Things would be otherwise were the 
ftttibe to- act M Banker and the plan might be tned 



iii-st in cme or two villages. The laad should be leased 
t<x a fixed number of years, at the end of which absolute 
ownership would revert to the State. This would leave 
a power in the hands of the Government to reotify, B,i 
fixed periods, the evils arising from the possession of 
Isind by such as are not a^ricalturiBts. At the same time it 
woold'enable even those who do not join the Co-operative 
Society to borrow on better terms than at present. The 
price of the land would at once rise, and be a valuable 
asset. The debts of the raiyats could then be com- 
pounded on eaaj terms and the present Zampli so 
arranged as to become the foundation of the Village 
Bank, The Central Bank, which might be the 9tate 
( and this would be piettirable ), would lend money to 
the viUB.ge aa a whole, represented by its Zampli, at, 
say, 4 per cent, and in order to cover working expenses, 
the Zampti or Village Bank would lend to individual 
peasants at (5 per cent. Knowing that the property of 
each was at stake, the villagers would take great oaxe 
that only the tight men would obtain loans and see that 
the money was properly expended. Should the tent be 
required before the produce is disposed of by sale, the 
Village Bank should have such a sum in reserve as 
would enable it to make the necessary loans. As the 
common granary already exists for providing the State 
share under the Bhagbatai or Share system and Vujevero 
or payment of the rent partly in cash and partly in kind, 
a common sale of all the village produce to the very best 
advantage ought not to be difficult to accomplish, and 
those aoonstomed to the sale of their produce in common 
and aware of its advantages would soon place their 
money in the Village Bank in order to swell the whole- 
sale purchases and bring about a reduction of retail 
prices. The fall of their original debts by 60 to 70 per 
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Vent'.,' tli6' intdtest low^ecl fcom 25 to 6 pec dezii. -"thtt 
watchful eyes of their own Zampli, the new hope revivefl 
in the breasts Ol the despairing peasants, would soon 
raite theM from a state of indebtedness, and the oo-opeis 
ative principles thas put into practice would, ere long, 
render them comfortable, oomparatiTely wealthy, and 
perfectly oontented. 

As matters now stand in Junagadh, the State is 
practically doing the work of a Central Bank on a small 
scale, lending money'for wells and bullocks to individual 
raiyats without interest, • repaying itself the interest 
merely by the more intensive cultivation resulting. 
But the State lays down certain conditions that most be 
fulfilled and the peasant fears that he will be thrown 
back into the hands of the sowcar, and instead of one 
creditor have two; and he prefers to be in the hands of 
the Bowcaz who bides his time, rather than be indebted 
to the Htate, which must inexorably enforce its claim 
when the day of repayment comes round, as there is 
practically no security but the crops of the year. The 
demands for the 'return of the loans must naturally be 
at shorter intervals than a Village Bank with the security 
of all the adjacent lands would allow. If the period of 
repayment were extended over a larger period and 
arrangements made for the supply on easy tetma of seed 
and manures, no loss need be suffered and little hardship 
felt, and it would result in a far larger purchase of plough 
cattle and the digging of a greater number of wells, 
without pressure from the State, and with little trouble 
to its officers. 

To those gentlemen anxious for the progress of 
India, who approached the British Government on the 
Bubject of a Central Bank to aid Co-operatiTe Societm 
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Kid VilUige Binka, I woitld suggest a small tri^ (m ^ 
lines laid down here, for I believe it would not be difficoit 
to gniA apon this Indian stock a branch of the co^pera- 
tive tree that has grown so capidly and spmd » widriy 
is Ute West. 



FIRST LESSONS IN AGRICULTURE. 



The Air. 

Before seeds are placed in the soil the land is 
plonghed. We all know this, and the smallest little 
peasant boy smiles when he hears it read. 

Now thoaghtfal men invariably ask why a thing 
is done. It is not for nothing so much labour is under- 
taken by men and cattle. There must be some end in 
view. We therefore ask for what purpose the ploughing 
takes place. 

(1) The soil most be loosened to admit the seed, 
and to render it possible for the rootlets to find theii 
way to their food. 

(2) To prepare this food, air, warmth and moisture 
are wanted, and we shall see how this is brought about 
by the action of the air upon the ploughed land. 

(3) When we break the caked surface, we not only 
allow air and warmth and moisture below the surface, 
but also allow of the upward action of water towards 
the surface. 

(1) We know that seeds can be kept for very long 
periods in dry dark places and retain their vitality for 
thousands of years. When saoh seeds, after so many 
years, were placed in the soil and obtained warmth and 
mciisture, they sprouted, grew well, and gave a harvest. 
If the seed be left on the surface and not destroyed by 
birds or iusecbs, it may sprout and continue to live 



58 

while the food contained within it lasts, as we find seeds 

growing in gunny baga that get wet, but the !ittle roots 
will be onable to force their way into the soil and the 
poor little plant will not be able to get mnoh of ito 
neoessaty food. The paddy is kept moist and warm in 
Itiany parts of iniim till it sprouts, but the;n it moat be 
pot into the soil to get its proper food. 

(2) It win be noticed that in the cold weather 
onpleasant smelts are not bo much noticed near heaps 
of refuse lying about, especially if the air he also dry, 
bat that in hot, nioiat seasons it is very unpleasant to 
remain near such garbage for any length of time. We 
see hece that heat and moisture help to decompoae 
vegetation, as they help the seed to first decompoae 
before apronting. 

In a similar manner the earth itself breaks np 
nnderthe influence of the weather, If it is hotand dry, 
the earth bakes like bricks, When there is alight 
moisture, it softens and opens ont. 

It is the business of the farmer to get evorything 
done as cheaply as possible, and if the air can work for 
na, and work well if we know how to use it, why not 
make a farm — labourer of the air 'i* That the air contains 
moistnre is known to you all. If you have ever seen a 
glass of water with ice in it you will n.otice that the 
outside gets oloudf^d and finally drops trickle down'; and 
people sometimes say the glass sweats. Of coiitse the 
giAN does not, and no water gets through it. What 
happens is that the air around the glass is condenaed 
and the moietare in the air is, as it were, pressed to- 
gether by the odd, and forms dropa upon the glaas. We 
find in a heated room that moistnre settle, on the window 



panes. We cnn comptesB the air withont ice taiA witix- 
oat bringing it down to the temperature of ice. A 
slight cooling wiU ba snfficient to bring about a sli^4> 
preEunue, which will force the air to deposit a slight 
amoant of its moisture, and if this be continued for some 
tinle it is remarkable how mach moisture the air is' 
compelled to deposit. When the dry air passes over a 
chatty of water it suoks up some and in the process the 
water oools. When damp air passes into a cooler spot 
it delivers some of the moisture it contains. Dig a few 
inches under the surface and you will iind the earth 
cooler than git' its <;urfaoe.' If we dig up the soil so thftt 
it IB loose and somewhat fine, what will follow? Exactly 
what takes place in a cooled foom when heated air is 
allowed to enter. Cool and hot air cannot remain 
stationary. Side by side movement will follow. The 
■heated air will take the place of the cool air and the cool 
air will take the place of the heated air, tilt the heat is 
equal in both places. Some rooms in the house, where 
the sun seldom shines, are considerably cooler than' the 
outside air, and, the moment a door or window is opened, 
the hot air rushes in and is cooled, and then succeeded 
by more hot air which is again cooled, while at the 
same time the cold air finds its way out. Exactly the 
same takes place in the soil. We have but to open the 
doors and windows of the soil, somewhat below the 
surface, and the heated air from above rushes down into 
the ploughed soil, is cooled, and the draught continued. 
The heated air bringiug moisture from above ia deprived 
in cooling of some of its moistnre. To;prove how much 
can be gained by making the air a servant on the farm, 
the following easy experiment should be tried. In the 
very hoi weather select two small patches on a very dry^ 
field. Dig up on!e fairly deep and break the clods faiiiy 
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fine. Leave the other undug. A few days afterwards, 

on cetiirnmg to the spot, practically no change will 
appear to have occarred oa either plot ; but on removing 
a few inches of the surfaoe soiii where the land had 
"been dug, signs of moisture will be evident. 

Having found that we can extract moisture from 
the air, can we learn anything else '? The best way to 
ascertain facts is to make practical expenments. Plough 
two plots of land some time before sowing. Cover one 
i#ith a loose stack of hay. You will find that the crop 
grown there during the year, and perhaps for two oi 
more years afterwards, will be better than that grown 
on the plot left bare. As will be seen later on, when we 
spef^ of soils and how they ai-e formed by the breaking 
up of rocks owing to the action of heat and moietare, 
the heated air has been drawn down to the soil kept 
cool by the hay or straw over it, aDd the moistare from 
the heated air above is, as it were, squeezed out of the 
air as from a sponge and deposited on the land, which 
then begins to break up and rot, in a way very similar to 
vegetation. It breaks up into the parts of which it is 
composed. Yon understand this when you look at the 
different soils thit you meet, You have only to see the 
hills and rocks and stones around you, and you End, as 
a rule, that where these differ, the soils generally differ. 
These have been broken up by the weather, and the 
finer particles making up the soil are still further broken 
up, not only mechanically, i.e., into still smaller pieces, 
just as you would divide wood till it becomes sawdust, 
but also cbemically, i. e., into the substances of which it 
is composed. Wood for instance, contains water, coal, 
and ashes, and by burning, these parts are separated. 
Water, coal, and ashes are not wopd, hut they are the 
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Bubatdnoes of which wood is formed. They ajre its compo* 
neat- {latts. So also soils are mftde tip of variouB aabs- 
tances, some containing much lime, othera much iron, 
and most containing small portions of phosphorous, 

potash, etc. In soma soils, where vegciliation decays, yon 
see the nitrate of potash forming a crust on the surface, 
and this sail contains two very useful and necessary 
foods for plants. 

'3. Besides the moisture admitted into the soil by 
good ploughing, we also make the air, which is within 
the soil, do oarcooly work. , It acts as akhos, or piccotah, 
or pump. If the end of yonr cotton dreea dips into 
water; you find that water can rise considerably above 
its level, and if you leave this end of apiece of cloth that 
ie hanging up to dry, dipping into a tub, or bucket, it 
will not dry, but become more and more wet as it draws 
up the water from below. This is called capillary 
attraction. The hairs of the head fin latin capillus — a hair) 
are hollow, and the spaces between the threads of which 
the cloth is made, form similar narrow tubes. It is 
peculiar that such narrow tubes draw ^ater upwards. 
When the land is well tilled the earth contains number- 
less suoh hollow tubes, and where there is water below 
the surface it is drawn upwards through these. 

This explains why the land ia ploughed. The mat- 
ter will he much clearer, when, later on, we come to 
ksow how, and of what, the rocks are made up, and 
consequently the soil derived from these rocks. We 
shall also learn what food is required by plants and bow 
it ie got f;'om the soil. In the meantime let us know 
the reason for ploughing, and then we may more easily 
understand those good gentlemen who are constantly 
advising na to use Europeaji plonghs and to plough 'deep. 
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We may diso, from what has been said, oome'toaimow- 
ledge of the reason why it is the cnstom to plcmgh a 
different natnher o£ times, when different crops-are to be 
grown. In itself it is not bad advice to tell you to ploagh 
deep. But then you must manure. When the soil is 
only a few inches deep it is not the best plan to send the 
plough below this and bring the inferior sub-soil to the 
surface, and if this shallow soil oontaia couch grass uMA 
yon use an iron plough, you will ruin yonr field. When 
yon have a su&ciency of manure you may plough Aavp 
in a deep soil, and nothing but good can result from it ; 
but where manure cannot euily be had, though deep 
ploughing may give you a few good crops, yonr ' laod 
will soon be exhausted. 

We must not ask ourselves " How many timM 
should the field be ploughed V" but "when does the 
ploughing complete the work we had in view?" The 
object of ploughing is to admit air, warmth, and moistute, 
and we must consider what time is the best to do tl^ 
work, in such a way that the soil is acted upon, din4ed 
finely, and made to decompose, so that the food is i-pce- 
pared for the plants to take up. Experience alone mil 
teach us this. But experience is a hard and costly task- 
master and it ia advisable, where we can, to leani what 
others have done, so that we can avoid their mistakea 
and benefit by the good resalta they have obtain^. 
Every farmer is naturally in no hurry to start somet^Mng 
new, and, when he hears that his neighbour is experi- 
menting with some such thing, he pooh-poohB iVinM 
sneers at the man for tryii^ to show himself wiser thait 
his father and grandfather and the rest of the vill^e, b4t 
still alt keep round the comer to see if what he is doing 
will nrove of benefit, and, the moment g6dcl' nttUts 
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aooVi-tb«y take cai-e to do the same, perhaps saying, 
to.saare. their faces, that they knew all about it, fcnd 
ihaA aa.old farmer now dead, did the same thirty, years 

There is an old saying that 

" Clodfi upon a field 
A fertilizer yield." 

But then even the oldest saying must he rightly 
■todied, or evil may result from listening to it.. So much 
d^^ds upon when yon plough and how deep you plough 
a^ to whether clods will be advantageous or otherwise. 
If :a shallow plough merefy threw up Imrd sun-baked 
idodB Uke bricks, little good would follow. The air be> 
tween'the clods would be as heated as that on the top, and 
D* moisture would result, and consequently no decom- 
peaition of the soil, while the seed bfid would be hard 
and unsuitable tor sprouting plants. On the other hand 
if the anrfaoe were reduced to a iine powder, the first 
Wfttering would cuke it, and young sprouting plants 
voold not be protected from either sun or rain, and 
would have nothing to cover their coots and support 
'theb stems, as the water contracted and lowered the 
surface. All this is known to the practical fai-mei', who 
Mfrequdntly told to plough his soil immediately after 
tfae barvest, and to let it lie over in this state for months 
together. Such advisers forget that, by the time a new 
crop-'Was to be grown, the whoie field would be reduced 
to. on impalpable powder, and -the first watering would 
render it worse than if it had never been ploughed. As 
W* ue treating here only of explanations of what the 
^ttcxaat does and not teaching him the business which 
bM,been handed down to him by practical farmers for 
■OBU):tlt(Kievids of years are not going intQ tb^ 
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qaeetinn of tillage. Each farmer can make small practicial 
experimects ae to deep and shallow ploughing, ebade 
crops, the ploughing of the soil immediately after a crtjp 
is romored if another crop is likely to follow not Very 
long after, etc. The great point to be brought to hie 
notice is that the air can be made to cooly for him, and 
knowledge of this will save him much expraditure, and- 
benefit the (and greatly. 

Very often the peasant is seen to put into practice 
what science afterwards explains to be the propet 
method. There are two ways, for instance, in which 
the soil is improved nearly everywhere in India,, of 
which one receives the sanction of the authorities, and 
the other is set down as stupidity and woeful 
waste : — I refer to shading the field by such growth as 
Lucerne, and covering the Burfiice of a ploughed field 
with manure for some time before working ic into the 
soil. 

Where the fieid is covered with thickly set leaf 
plants there is a greater fall of dew and a more constant 
exchange of hot damp air which deposits its moisture 
below, the land is not ca^ed by ttm hot sun, and the' 
porousness of the field allows the aii to act upon the soil 
to break it up and decompose it, and weeds are kept in 
check. Iq order to see the effects of ploughing after 
the crop is mown-, two fields should be compared, the - 
one ploughed immediately after the mowing, the other 
left unploaghed, The results, of the succeeding crop 
would show the different effects upon the soil of the 
different treatment. Of coarse different soils are not to 
be treated in the same way. The longer a sandy • soil 
i^ kept under shady cover, the better, whilst clayey soils 
want some exposure after a rough ploughing. ' It - u ' 
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pethapa for the purpose of better aerating the mil, 
though the farmsr may not be able to give the reaBon, 
that manure is allowed to lie on the sarface instead of 
being ploughed in where soils are heavy. Indian pea- 
sants are often biamecl for this on account of the loss of 
plant food that is thus allowed to escape into the ait ; 
but the question to be settled is whether the loss of this 
amount of plant food is not more than compensated fox 
by the aeration and tilth the land receives, and we 
should first ascertain this by actual experiment on 
adjoining fields before condemning the practice that in 
many placeB is time-honoured. One of the points not 
yet mentioned with regard to ploughing Vaa not been 
accepted by agricultui'istshithcrti,, but the Indian raiyat 
will probably be more inclined to agree that it is worth, 
studying than the majority of Western farmers and 
men of science. When letting the upper air into the 
soil we also allow the air contained within the soil to 
escape. This is of great importance in dealing with 
such weighty que=itiorts as rotation and fallowing. In 
practical experiments many of our readers may have 
noticed that the same crop cannot be grown indefinitely 
on the same soil. In course of time it first sickens, and, 
later on, a new crop will not grow. The usual explana- 
tion 18 that the soil is exhausted, that the crops have 
taken from the soil all the plant food it contains. Bat 
such a reason will ecarcely do nowadays when we see 
that in Europe tlie study of Chemistry and Agriculture 
is brought to such a pitch, that scientists know exactly 
what has been taken out of th^ soil by a crop (how, will 
be explained in the Chaper on Manures), and put back 
tjB much food as the crop requires and more. Yet, after 
a timei, the same crop will not grow unless rabing is 
practised, yfe must look for s^me other cause. Svery 
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fanner knows that one plant has a smell qaite different 

from another, and tha-t the odour of the roots is even 
more pronoooced. The ver; boil can often tell you 
what has lately been grown in it by the smell left behind. 
Now plants, like animals, have their likes and dislikes. 
AntmalE like and dislike each other intensely according as 
the smell is agreeable or not. Some plants grow well 
only when they are grown together, and sicken and die in 
the neighboiirhood of others. Some like the neighbour- 
hood of one sort and thrive better near this than near 
any other, and some plants simply will not grow* in the 
neighbonrhood of others. This may. some day be ex- 
plained by the aid of Chemistry. We may find that some 
plants, like certain animals, live on the excreta of others, 
and that some plants sicken and die from what noorishes 
and fattens others. Here wa may get an ezplnaation of 
the necessity of rotation, and close observance of those 
plants that get on beat in succession to certain others 
moat form the constant and earnest study of the pro- 
gressive fanner. The peasant who uses hia brains on his 
farm need never have an idle hour in which to worry 
over his lot, and become dissatisfied through envy of the 
people living in towns. 

A great deal of attention may also be given to the 
question of fallow. It was very common in Europe, 
before Agriculture was studied as a science, to cultivate 
for two years and then allow the land to tie fallow for 
one year. Though fallowing is still carried on it. is now 
reaorted to only at much greater intervale. It is often 
after 4, S, or 6 years, and, in some oases, only after 9 
years that an acre is left uncultivated for one year. The 
object of ftdtowing was expressed in the peasanti' 
words - — " Tfaa land requires rest to ^t new stroigth." 
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If you do not manare, yoor land will become exhaOBted 
in conrss of time, it is true : bat if yon leave the land 
, unploughed it will become worse year by year. Any one 
wbo has seen a forest deniided can prove this. Whilst 
the land is shaded by the forest trees, the soil is good 
and fit for further forest growth, especially for seedlings ; 
but when a space is cleared of trees, the soil gets baked 
and hardened, the bit no longer enters to do its work of 
decomposition, and the land is fit for nothing bnt weeds 
and coarse grasses. With manuring and change of crops, 
little fallowing is required. With or without manure, 
fallowing is necessary when the same crop is grown year 
after year in succession. A cai-efnl attention to the 
aeration of the soil, to manuring, and to a proper rotation, 
may serve to keep under cultivation millions of acres now 
lying fallow every year. 

Before proceeding to learn something of the com- 
position oi soils and the principal plant foods they con- 
tain, we must first learn a little more about the air and 
find out how it acts upon the soil. 

When the wind blows we feel its movement and 
see the gentle flutter of the leaves, and when a storm 
occurs we iind even big trees uprooted. Is the air an 
element, i. e., is it a thing that cannot be broken np into 
different component parts, or can we find - out that it 
consists of a number of different things ? We have seen 
that wood when burnt is divided into water, cool and 
ashes. When boys in school le^u chemiBtiy, one of the 
moat interesting lessons shows that water is not a single 
substance, but is made up of two quite different thinge, 
viz., two gases, hydrogen and oxygen. As im eleofado 
current finds its way intp the water the latter. 
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beoomeB gradually lese and less, till finally it dis-. 
appears, and, in the glaeses or tubes, instead of water, 
we find two gases that once formed the water. We 
cannot see them for they are like the air, but we can 
prove that they are there. One of them on leaving the 
glass will burn, the other will not. lu the first a match 
lighted ana blown out but still glowing will not bum 
again but will go out at onoe ; in the latter it will burn 
into a flame. Here we see two gases instead of water, 
uid these two gasee have different properties. The air 
also contaiiis a gas, nitrogen, of which we will treat soon, 
and vnpour, i.e. invisible steam, and carbonic acid. It 
is only when the water which everywhefe is being drawn 
Up in an invisible form is cooled by the air, that we 
notice it like the fine smoky vapour coming from a 
boiler, which further condenses in the air and falls in 
very 6ne rain drops, as yoti may have noticed it you have 
ever stood near a railway engine, when the driver opened 
the whistle valve, or let oat steGun at the station. This 
vapour in the air is condensed, by cooling, into dew, 
and clouds, and rain ; and of the way to cool and con- 
dense it for the fields we have spoken in the 
previous pages. It so happens that the oxygen gas 
in the air is necessary for our breathing. In breathing 
we take the air into our lungs, and when we breathe it 
out it is no longer oxygen, but a compound called carbo* 
nio atiid, which is made up of oxygen, and carbon or 
charcoal. Oxygen enters our system and warms us'ap, 
as any quick breathing will show ; but the warmth is 
caused by something burning within us, and this, with 
the oxygen', is cast out of the system, when we 
breathe out. This gas is called carbonic acid. It 
is a' gas that will not support life, and where 
* ia mnnh of it aud DO fresh ait, we die. If 



69 



for instance a room be sealed np by closing all the dooia 
and windows and a seegree of charcoal be kept Ughted 
for some time, eay through the night — it' caasee a 
heaviness, followed by imoonsciousnese, and death. 
Even in a crovrded room breathing becomes difficult, 
and pp.rsons who are not strong faint. If you burn a 
candle under a glass dome, it will continue to give a bright 
light for a ahovt time, when the flame will get blurred 
and finally go out, Por burping we require the oxygen 
gas of the air. As long as fresh air is admitted the 
burning continues, and the more fresh air we allow into 
the dame, the better it bums, because there is always a 
fresh addition of the oxygen gas of the air to help on 
the burning process. But under a closed jar the 
oxygen of the air ia soon used np m the flame and 
combines with the carbon given off by the burning article 
to form carbonic acid gas, and, when there Is no more 
oxygen, the flame dies out. If, now, you take some lime, 
and shake it np in water, and then filter it into another 
glass it will appear clear like any other water ; but pour 
this into the Jar in which the candle had' been burnt and 
which went out after a time, and you will find that 
there is still lime in the water and that it takes on a 
milky appearance owing to its combination with the 
carbonic acid gas in the jar. If you blow into similar 
lime water the same will oocnr, proving as we said before, 
that the air we breathe oat is the product of oxygen and 
some of the carbon or charcoal within our system. It ia 
bad for man, bat it is necessary for plants, which, to 
build up their fraioes, bi-eathe in the carbonic acid, and, 
under the influence of sunlight, perform a wonderfnl 
ohemica! action. They retain the carbon to build up their 
bodies, and breathe out the oxygen to give fresh air tar 
the, use of men and animals, who again breathe in pore 
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oxygen and Isveathe out caibonio acid. Is it not wonder- 
ful bow Everything in this world can be of use ! Tbis 
is tbe food tbat plants get from the air. Now tbis bas 
been brooght in bere not for tbe teaching of Obemistry, 
or to introduce a chapter on plant life, which will find 
its place later on in this booklet, but to point out tbat 
the carbonic acid can do a great deal in aiding plant 
life, and to show tbat tbe oxygen of the air easily com- 
bines with other things an4 helps to break them np, des- 
troying even bard things like iron by tbe rust formed 
when tbe metal is exposed to the air. In the same way 
the oxygen of l^e air combines with subsbances of which 
.rocks ate framed, and thus breaks them up, and where 
pure oxygen does not affect certain stones, carbonic acid, 
especially m water, does the work efEectively. When 
we learn more about the component parts of rocks and 
other substances, and how certain acids and salts help to 
reduce these to the substances of which they are 
made, we will understand how plants get their 
food from tbe earth. In this chapter, and for my pre- 
sent readers, I will not treat of these subjeots, except to 
mention tbat it is as easy for the chemist to tell' us 
what a rock Is made of, as it is for the farmer to learn 
tbat wood contains water, coal, and ashes. Where we 
see granite rocks we know tbat the soil ought to contain 
much potash, an important plant food contained in ashes, 
and where only basalt rocks have formed the soil, we 
know that the quantity of potash in tbe soil is about one- 
fifth of tbat contained in the soil mode up of decayed 
granite rocks. This is important information, and we 
will learn more about it, when we make a study of Geo- 
logy and Chemistry, in so far as they help Agriculture 
and fanning. 
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There are also qnantities, in the air, of a gas nlled 

nitrogen, one of the most important of plant foods ; hot 
BO far as we know at present, it can be used directly from 
the air as food only by those plants which come under 
the olass of legnminosas, most of which have batterfly- 
shaped flowers like the pea and the bean, etc. But this 
will be more fally treated of in the Ghaptere on Plant 
Life and Manures. 



The Soil. 

If I were to ask you to learn something of geology, 
I should probably hear from one of my listeners that he 
was deeply interested and would attend the next day, but 
that, just at present, his cow was ill, and his presence 
was required at home. Another would want to attend to 
the thatch of his house and so on. But when I say we 
shall now consider the soil and the way in which 
different soils are formed, you do not get afraid of big 
words and great learning, and you wiah to hear about it, 
the more so if you find it will lead to aoiaething practical. 

Yon see some parts of the country flat, others 
undulating, others again with hills and mountains, and 
want to know how all this occurred. Some places are 
barren, whilst others are fruitful ; and you will perhaps 
be surprised to learn that this depends upon the nature 
of the rocks from which they were formed. We can learn 
how these stones were made, and how they were broken 
up, and consequently how the present fields you cultivate 
took shape, and were rendered'fruitful. Geology teaches 
this formation of the rocks from which our soils have beeh 
built up. ' 
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Tlie earth was once a fiery body like the aon. It 

was very mnch larger than it ie now, but not so compact. 
Ib coarse of time it began to cool, and the cooling was 
first seen on the surfaue. Years after the surface or 
crust had cooled, the interior remained very hot. Yoii 
see this every day. A chapatti just off the fire may be 
handled without difiiculty, because the outer portion cools 
raqidly, but when you break it, you find the inner portion 
is far hotter. If you take a loaf of bread that ie just 
nice and warm outside, it may be steamy Inside. It yoa 
allow your cnnjee to stand for some time, the top wiU 
cool and cake over, but when you remove this caking 
you will probably find it far too hot to take. There are 
mountains at the present day, in various parts of the 
world, that throw up ashes, and even molten matter that 
runs down the sides in deep wide streams. In a few 
days the surface of this stuff that came out lookirifj like 
molten iron, becomes cold, and appears like ordinary 
rock ; but for years after, if you were to dig down into 
the mass, or an opening should be aoinewhere formed in 
it| scorching steam woold ascend, enough to burn you. 
In the same manner, wheji the great molten mass 
forming the earth many ages ago, began to cool, the 
surface hai'dened, while the interior is still intensely hot, 
as may he learned from the volcanoes, and the geysers 
or hot springs to be found in different countries. The 
ODohng of the surface caused a compression of the 
moisture-laden atmogphere over it, as explained in the 
lastchapter, and moisture was de|>08ited. This went on 
till the globe was covered deep in water. Here shell fish 
grew in abundance, in different parts, as we see nowa- 
days on the sea-shore, and marine plants died arid 
decayed ; and more shells and fish followed, and more sea 
plants, only to add to the heap, till, in thousands of years, 
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great depths of 8ttch aecRunnlationB existed, and tbe 
prepare of these immense masses hardened thsm into 
rock. In the meantime, the cooling of the earth in the 
interior was going on slowly, and the outside pressore on 
this cruet increased. What was likely to happen soon 
.took place. The contraction in cooling made Bome parts 
rise as the others fell, and the raised parts appeared 
above the water forming land and sea, and, even on 
the land, hilla and valleys and lakes. The rain and 
the rnnning water scoured the sides of these raised hilts 
and mountains, and, when water got into the crevices, 
and, in turning into ice expanded, it broke off huge pieces, 
which were tumbled down the hill-sides and broke 
into smaller pieces, and these were rubbed against each 
other in the streams and were rounded and ground down. 
The larger blocks are found where these rivers begin ; 
further down they become smaller and more rounded, and, 
further again, they grow smaller into pebbles, and Enally 
into little particles of sand, which are carried off mixed with 
the muddy water and either deposited in the sea, or lakes, 
or, on the overflow of rivers in flat countries, on either 
side of the banks, till the water being undisturbed, they 
finally settle down just as mud stirred up in a glass of 
water, after hours of rest, gradually sinks to the bottom 
of the glass. Thus after many thousands oi years, high 
mountains were worn down, lakes filled in, and, at the 
seaside, accnmulations of earth formed fine alluvial soil, 
such as you will find at the mouths of rivers, which are 
finally divided as they enter the sea by the great amount 
of sand and mud they bring from the mountains far 
away. Thus we have different rocks formed. Bome 
started with the first cooling of the upper crust of the 
earth like granite and similar rooks that are found 
plentifully on the Madras Boilway from Wadi downwards 
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towordB Madras ^ni the Eastern, dhaats. Othera were 
thrown up in a molten etate like the Weatero Ohaute. 
Others again were built up of shells and marine growths, 
and, liln the other rooks, were forced upwards, as the 
earth cooled and contracted, forming hills and dales. 
These hills in tarn were washed by the rain, the icckB 
were broken up, tumbled about hy the streams, and 
ground down, till the water contained fine floating 
particles like muddy water in a glass, which, as soon as 
the watei- lodged in a hollow, settled to the bottom, and, 
in course of time, filled the hollows with fine earth, such 
as ia found in the valley of the O-onges, where, for miles 
upon miles, a stone big enough to knock down a mango 
can scarcely be found. 

If we know what the various rocks are composed of, 
we can easly judge of the soil, without even seeing what 
is a foot below the surface, though it is always better to 
learn from the places worn away by streams and the land 
dug up in sinking wells, what sort of sub-soil we have 
below the field we cultivate. 

When the rooks begin to break up, all the parts of 
which they are composed do not fall to pificea at the 
same time. Where iron is contained in the stone the 
action of the oxygen of the air upon it causes rust, 
and we find the surface covered with a ruddy crust. 
If they contain liroe also, this will be easily washed away 
by water. Only when these have been washed out will 
other parts of the rockfall into pieces, and this process 
we see in the Basalt rocks that form the Beccan trap, 
and we are consequently not surprised to find below the 
black cotton soil, a layer of Kunker and a great depth 
at red soil.. We can gtlso learn the quantitifiB of potash 
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andphoBphotio acid, two imporliant ploDtfooda, contained 

in these aoils, and we judge that such soils ue good 
even before a, plough ha.a opened them out. 

When along the Eioai Coast beween the Ghats and 
the sea, and in many parts oC Southern India, we come 
across nsar, or kullar, or soodu soils, we ask ourselves 
whence the rivers come, and then we find out what rocks 
are decomposed, and farther that these rocks must 
contain a great deal of soda, wbioh, in combination with 
carbonic acid, or sulphuric acid, form carbonate of Boda, 
such as you see in the South, and sulphate of soda further 
North. The water carries the soda out of the rocks and 
deposits it in lower lands. The snn dries up the water, 
and the soda compounds remain in the soil below. When, 
after years, a great accumulation of soda has taken place, 
if the soil is heavily watered and cannot be drained, the 
salts are brought to the surface by capillary attraction (ex- 
plained before), and, as the water is carried off in the form 
of vapour, the salt encrusts the soil. When you know 
this, yon do not wonder how the soil is hopelessly bad, or 
becomes so, in coarse of time, below many tanks ox. 
canals, but you will turn your attention to remedying 
the evil, and this you can do only by drainage and a 
study of ohemistry. 

You will now understand that different soils are 
formed from different rooks, and, having found that air, 
warmth, and moisture break up huge rocks, you will 
easily believe that the same forces will break up the 
smaller stones, pebbles, and gravel, that underlie yonr 
fields, and you will get the air to do the work of breaking 
these up mechanically and chemically (as has been 
explained before), and of supplying you with more soil, 
containing more food for yonr crops. 
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Besides the mud and sand and gmvel that form the 
Boil, a most important part of the upper surface is the 
bniriuB, or that portion that contaiue decayed vegetation. 
When small plants grew in nnmbers they died and decay- 
ed and others sprang up, till, in courst; of time, heavy layers 
of decayed leaves and roots were formed. Sometimes in 
lahee and swampy places plants grew with their roots in 
the earth or water bslow and their leaves above, and 
these died, and others took their place, till the lake or 
hollow gradualy hlled ap. When, in course of time, other 
earth was washed over this place, and rooks accumulated, 
the decayed vegetation was pressed into a compact mass 
that formed the coal now dina up for the boilers that 
drive engines. In other places the rocks did not cover 
and press npon these filled hollows, and the soil is so 
made up of dead roots and leaves that it is cut into blocks 
like bricks, dried, and used in the house as bratties 
are used in India. Such land mast be drained and 
treated with lime before it is fit for cultivation. Where 
the hill sides are covered with forests, the rain brings 
down soil by degrees into the valleys below, bui where 
the hills have the trees cut down, the soil is washed 
away altogether and nothing but bate hills remain, and 
even the soil is carried away down the streams that 
exist or are thus formed. 

This is uo mere theoretic statement. We see it 
going on all over the world. In South Africa, for 
instance, 60 years ago, the Ongars or Brak River in Gape 
Colony did not exist, but, owing to the constant burning 
of the bush and grass of the veldt and the destruction of 
the vegetation which held back the rain water and 
allowed it to move down gradually and harmlessly, the 
land was scoured, and now we have a river with a channel 
800 feet wide and IS f^t deep. 
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Anothec evil aiiBing from the rain of loreBts is that 

the water, instead of goiag down gradually towards the 
riverB and thus always keeping them flowing within 
their hanks, rushes across the bare slopes to the river, 
causes an overflow after heavy rain, and in a few days, 
after great damage ie done, leaves the river beds dry. 
The depth at which water is to be found is also lowered, 
when, instead of being stopped by the roots of the trees 
and finding its way gradually below the ground, the 
water rashes off the surface to the river and to the sea, 
without sinking into the land around and thus raising the 
water level. 

Now, in forests the trees grow and die down, 
and nothing is taken off the soil. The plants get their food 
partly from the air and partly from the land. But, as in 
dying down they give back to the soil what they took from 
it, vegetation can adntinae for years and years, and a better 
soil be formed in oourse of time. The roots, going deep, 
bring food from below into the leaves and branches 
and trunk, and, when these wither, they add to the 
humuBof the,surfaoe. In our fields, however,, something 
different occurs. We sell not only the grain grown, but 
often the stalks, as in the case of kadbi. So much is 
taken ofi the land in this case. By degrees the food 
contained in the soil is exhausted ; and, as plants cannot 
live alone on the carbon they get from the air, crops 
begin to fail, and finally the land does not return even the 
seed pat into it. So we see we must put back what the 
plants have taken away from the soil. If yon take money, 
or rice, or anything else, from a box, be it ever so little 
at a time, that box will sooner or later be empty, unless 
yon put something in occasionally. The land is the store 
hoQBe for the food of plants. If yoa grow crops yon take 
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BO mooh from the^ store, and mtlesB you put some plant 

food bact into the soil, it mtist in coarse of tiitoe become 
so poor that it can give you nothing in return for your 
labonr. But, before we get into the qnestion of plant 
food, let us consider the vario^ sorts of fields we have, 
and their value for crops, whether considered in their 
mechanical texture or in their chemical composition. 
And first we shall begin with a mechanical analysis, 
mentioning some of the component parts that help to 
feed the plants. Nowailays associations are started in 
many parts of India with the object of introducing the 
newest ideas of Western agriculture in order to obtain 
from the land thf. beat return, at the least possible expense, 
withoQt doing any injury to the fields. When the 
Department of Agriculture or the Agrionltuxal Associa- 
tions are asked questions, which farmers find difiicnlt to 
answer, they generally require an idea of the land upon 
which the crops are grown, and, ior this purpose, it ia 
advisable to have fields classified, according as they fall 
under one of the five heads, viz., Sand, Qravet, Loam, 
Clay. Lime and Humus. Of course it is not often that 
yon can get soils that you [can strictly classify as pore 
sand, pure lime, etc., but as one of the five substances is 
more plentiful on the farm, we classify the area under 
that head, and others, where the mixture is decided, we 
place under a class combining two of the headings, such 
88 Sandy loam. 

It is good to know (1) the nature of the snrfibce soil 
and (2) the sub-soil, or that which lies below the upper 
layer whether it be a few inches or many feet below the 
surface scnl. 

Soil is termed Sandy when it contains no clay at 
^ or up to 10 per ceaii. and the test is sand. To test 
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it, take up some soil and dry and w£igh it, then ^ace it 

in a glass, ponr water upon it, and shake it up well. 
Allow it to settle till the sand falls to the bottom, and 
pour off the muddy mixtnre into another glass and let 
it rest till the clay settles. Finally pour off the clean 
water carefully and allow the clay to dry. "Weigh the 
sand and clay separately and you will have the propor- 
tion of one to the other. Sandy land may appear 
absolutely useless soil to the farmer, and so it is if no 
manures are used. But, in America, some of the best- 
paying crops are raised on almost pure sand, such as 
the excellent oranges they send to Europe and the 
excellent pine-apples canned and sold all the world over, 
besides the finebt grades of tobacco used for cigarettes 
and the best cigars. Gravelly soil has larger particles 
of stone than sandy soil, bat, though poor, it can be 
treated in the same way, and though it requires heavy 
manuring, it can be rendered useful for several crops. 

Sandy Loom. — When to -^q of the sandy soil 
is composed of clay it is called a Sandy Loam. It is a 
good open soil and easily worbed. 

Loam. — A Loamy soil contains 40 to 70 per cent, 
of clay, which is an excellent mixture of clay and sand 
and gives good returns for most crops. 

A Clayey Loom contains 70 to 85 per cent clay. It 
is harder to work, but, as a rule, contains much potash, 
a most useful plant food. 

Heavy Clay contains 85 to per cent clay. It is 
very hard to work, is cold, and requires deep ploughing 
■ud good drainage to give good retains. 
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All these soils maj oontua humus, or the covering 

of decayed leaves and roots, that are generally found on 
the surface of good soil. To test for this, after drying 
uid weighing the soil, itmuat he heated, and the veget- 
able matter will burn away, leaving the mineral matter 
behind. The difference in weight in the well-driisd soil 
before it is burnt and the remaining soil after the burn- 
ing, making a slight allowance for the water driven off 
in heating, will show the percentage of humus. Heavy 
cattle nianaring odds considerably to the hamaa on all 
soils, and renders them moist and rich. 

A very important point in recognizing the value of 
good soil is its ability to absorb moisture. According to 
Sohubler, 

Quartz sand absorbs 25 per cent, of its weight. 
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Of course the finer the soil is, the more water will it 
absorb, and this explains the value of good tillage where 
the water is not plentiful. The more water absorbed 
by the-soil, the more will afterwards be drawn up to the 
surface by means of capillary attraction, as we have 
explained before, provided the surface is k^t loose by 
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ploughiug and bftrrowing, or by the action of ftir 
when the field is protected and cooled by leafy plants. 
Yon can generally tell the value of a eoit by the amount 
of water it can alworb. 

Sandy soils soon lose their water, while heavy olays, 
which are composed of far finer earth, allow of a stow but 
(Kxistant capillary action. Stamp the sandy soil well 
down and you will lessen the width of the capillary tubes 
and lengthen the time the soi4 remains moist, but if you 
do the same to clay, you block up the very fine capillary 
tubes that draw the water to the surface, and prevent 
the upward action of the water. Sandy soil, conse- 
quently, requires less ploughing and harrowing, while 
much greater pains, deeper ploughing, and more con- 
stant harrowing are required to keep clay soils in good 
condition, and to render the harvest bountiful. 

But though the alluvial soils along the banks of the 
Ganges and the othei' rivers flowing through the immense 
plains below the Himalayaa may be sub-divided into 
sandy, loamy, clayey, etc., we generally classify Indian 
soils under four great headings, owing to their marked 
unmistakable differences. They are: — (1) Alluvinm, (2) 
Begur, (3) the Ked Soils of Madras and (1) Laterite, and 
these occupy the greater part of the cultivated land in 
India. Spreading from the Fanjab right into Assam, 
we have the Gangetic allnvinm, broaght down from the 
mountains and deposited as fine earth in the hollow 
between the Himalayas and the plateau of the Beocan, 
along the valley' of the Indus and the whole course of the 
Biver to the sea, Jtajputana where it is not buried in the 
sands, the strip west of theOhaataia Northern Bombay, 
and the Tapti and the Gh3daveri, Kistna, and Tanjore 
Districts. Soaroe a stone ia to be found in the soil. 

s 
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The Hegtir <»r black cotton soil is fanuliar soath of 
this. It has andoubtedly given harvests to Indian far- 
mers for ages-, but how much falJowing had to be resorted 
to in order that it might oontinne fruitful is a qaeation of 
which we do not know much. Although its dark colour 
would lead one at first to believe that the soil is rich in 
humuG, analyses show that such is not the case, and Dr. 
lieather is convinced that it is due to some mineral sub- 
stances. 

It is found in the Pombay Presidency, Berar, the 
Central Provinces and Haiderabad. 

Iron exposed to the air causes the red colour which 
we see in the red soils of the west and south of India. 
They do not contain much phoephoric acid, and this 
should be plentifully supplied to them by means that will 
be mentioned in the chapter on Manures. 

In different parts of the Peninsula especially in 
Madras, Mysore. South Eastern Bombay, the Eastern 
half of Hyderabad, the centre and east of the Central 
Provinces, and parts of Bengal, the soil has been formed 
by the decomposing of gneiss, a species of grantie rock. 
Where the land ia light coloured in these places, it is 
generally unproductive, but the yellow clays and the 
reddish-brown loams are fertile. 

The Laterite soils though red are to be distinguished 
from the other red soils, as they are composed of a little 
clay and much gravel of red sandstone rocks, and do not 
result frottt the breaking up of such rocks as the Basalt 
<^ the Western Gthauts. They are, as ^ rale, miserably 
poor soils, and contain scarcely more, than a trace of 
phosphoric acid, which, as we shall see, is most impor- 
taat fta a plant food, especially in the formation of grain, 
the frut of oareal crops. 
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Along the Southern portions of the Eastern Gl-haatB 
we find unraistakible laterite soils, which are almost 
woi'tblesB for aghcultme, such as the land round Chin- 
glepet. 

In Bnrope bo mnoh manuring has been done that 
we cannot well compare the analyses of such soils with 
the seldom manured fields of India. But we learn from 
the analyses that manuring is far more necessary in 
India if we wish to have anything like the crops obtained 
in Europe. 

Maetcker has made the following classification, 
which will be more easily undrecstood when we learn the 
value oi the various plant foods. The chief substances 
that are not plentiful in soils, hut are required most by 
plants, are nitrogen, phosphoric acid, and potash. 
Maercker, a great authority in Europe on Agricnltural 
matters, states: — ' 

Soils ace poor when in every 10,000 pounds of the 
surface soil (the Srat six inches) we find. 

Nitrogen, Phos. acid. Potash, 

6 lbs. 5 lbs. 6 lbs. 

Tolerable when the 
amounts of these 
sabatanoes nuige 

from . 5—16 5-10 S— 10 

Normal 15—26 10—16 10—16 

Good 25—40 16—25 16—25 

Kioh ■ over 40 — 26— 25 — 

Of 12 Indo-Gangetio alluvium typical soils only two 
come within the normal standard, 7 would be classed 
pour, and 3 would just oome under tolerable as cegarda 
Nitrogen. Fhosphocio Acid was poor in 6, tolerable ia'4 
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and normal in 2. .whilst (he potaah was abundantly rich 

in nearly all ths analyses, though how much of thia was 
in a state fit to be dissolTad and taken up by the 
plants as food, it would be difficult to state with certaiaty. 

The same may be said of the alluvial soils in other 
parts of India. 

2. The Begur soils analysed by the Department of 
Agriculture refer only to the Madras Presidency. Though 
many imagine these black soik are rich in humus, this 
does not appear to be the case. Like most other Indian 
soils, even the best tank among poor Boils in tbeir con- 
tents in nitrogen. It is perhaps owing to the rapid dis- 
integration under a hot sup that the nnmannred soils 
prodace harvests. We most also remember the frequent 
periods of fallow to which they are subjected, to under- 
stand how it is that they give any crops at all after so 
many hundreds of years of tillage and praotioally no 
manure. There is no doubt, however, that the crops can 
be immensely improved by manuring. If we consider 
the poor soils in America in which such heavy crops are 
raised, we see the immense benefit derived from scientific 
fertilizing. The potash throughout India is plentiful, 
and, though by no means as abundant as in alluvial soils, 
Indian lands are far richer in potash than those in Europe. 
How far, however, the potash is in a state such that the 
plants can make use of it, one cannot say. But even 
where potash appears plentiful in the soil, it is not always 
ready fts the plants to take up, and potash salts, such as 
those from' Stasofort in Germany, generally show very 
good results, even when added to fields apparently rich 
in potash. The farmer knows tlus, for he uses ashes, 
whenever he ottn, for his fields. 
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Aooording to Otto, in hie* work " Agriooltoral Cbem- 
istry," there is no plant food that showa the qnality of 
the 9oU better than phoaphoiic acid. It 'is true that a 
great deal of phoBphorio odd olooe .would not snffioe to 
raise good crops, but we invariably iind, as a matter of 
fact, that all rich eoila are noted for the great amount of 
phosphoric acid they contain. The amount in such soils 
generally ranges from 1 to 2 lbs. in every 1,600 Iba. of 
the surface soil. As a rule, when the land contains 
1 lb. in 1,000 lbs. of phosphoric acid the addition of 
manures containing this ingredient shows little or no 
resnlt. When it contains less, manures oont^ning ph{M- 
phoric acid should be employed, if we wish to get from 
the land the most it can give us. 

There are other soils in India, many millions of acres, 
scattered over the country, that are totally unproductive, 
because they contain excessive quantities of soda in 
combination, such as carbonate of soda and sulphate of 
soda. These are generally found in places where the 
rainfall is light and in hollows that cannot easily be 
drained: In large plains like the Punjab such tracts are 
frequent, and, when irrigation is introdaced, the soil 
becomes worse, nnlesa drainage accompanies it. The 
salts have for ages accumulated in the land, and as water 
is introduced, they are brought up as the water moves to 
the antface by capillary attraction. When, as vapour, 
the water goes into the air, the salts are left behind oa 
the surface, and kill all seedlings. Besides good drainage, 
a study is required of those chemical substances which 
will release the soda from the other materials with 
which it is combined. Lime'is helpful to change the 
oU<y from the soft pasty state to little grains that will 
allow air and water to penetrate below the snzfaoe, and 
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Bulphftte of lime SoA potash will probably, in the case of 
carbonate of aOda, release the carbonic acid, rendering 
the soda not only harmless bat even useful to. vegetation. 
K study of other ohamical combinations may be as useful 
in the case of soils impregnated with sulphate of soda. 

That even good soil becomes exhausted in course of 
time and refuses to return harvests that repay the ex- 
penditure 18 evident from the history of all newly 
populated countries. The virgin soil at first gave bumper 
crops without any manures, but, in course of time, 
notwithstanding careful tillage, a decided fall in the 
return was evidenced, till the necessity of manuring was 
patent, and the land recovered slowly, and in course of 
time gave harvests as plentiful as those obtained from 
land just brought under the plough. The most careful 
experiments, carried out over a long period, show that 
the same crop grown on the same land will gradually 
become smaller, and that when manure is not used the 
returns, originally much leas than the fertilized plots, 
drop, till it is a question how soon they will not repay the 
seed and the labour. 



On soils where wheat and barley werg grown for 
over 86 years with and without manures we see the 
difference in results : — 





Wbbax. 




Otunannred 
OomplBto KTtifleiKl 
'FtetUiMz.. 


1877—86 
11-1 bQBhU. 

aa-s „ 


1899—1908 
11 1 biuhlB. 

Wi ,. 


1877—86 
36-9 

u-o 


1399—1908 

aa-s 



But there are other points to be recommended when 
dealing with soils. It is not merely their mechanical 
texture or their ofaemieal oomposition that must be taken 



87 



into coneideration. One of the most ioipotfeant* agcicol- 
tutal studies of the last deeade haa been the science of 
bacteriology. The earth is fall of life so small that we 
cannot see its forms with the naked eye. In a handful 
of earth there are millions of plants, less than the nine- 
thousandth part of an inch in size, called bacteria. These 
grow and divide into two, and then grow and increase by 
dividing, till in 24 hoars, some millions may be generated, 
nnless kept down or destroyed by another species. Many 
are exceedingly useful to our crops. But I point this 
ont not to treat of this subject in this little bDok, but to 
draw the attention of those who ' wish, to learn more of 
this particular branch of study. They will find it deeply 
interesting and practical, for, amongst other things, it 
will explain to them why it is unnecessary to use certain 
manures for snch plants as bear butterfly shaped flowers. 
They will then nee that bactena draw down the nitrogen 
from the air to feed themselves and the plants iu whose 
rootlets they build nodules for their residence. It will 
also help in explaining why cattle manare can be pre- 
served or destroyed by a knowledge of the action of these 
minnte organisms, and perhaps aid in keeping houses and 
their surroundings pure and healthful, and ward off 
diseases so common in the country. 



The PlanL 

Plants are living things. They feed, grow, multiply 
and die. Special parts of the plant carry on different 
sorts of work, and the particular part that does such work 
is called an organ, and the work done by an organ is 
called its function. To understand only a little of what 
goes on during the growth of a plant requires a veiy 
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gnat knowledge of Cbemistry. But we can learn a cer- 
tain omonat without studying this science ; at leut 
enoQgh to help U8 in the practical work nt the fields. 

Ae we learnt before, seeds will not grow without 
heat and moisture : but when they obtain this the; ger- 
minate or start growing. Now examine the seed a little 
more closely. It contains within it, ot at the side, a 
little speck which is the portton that containB life and 
will develope uod&t the right conditions of heat and 
moisture. The test of the seed has no life. It contains 
the food for thG young plant and the covering to protect 
it. When the seed sprouts, we iind it grows in two di- 
rectiona, the plamale forces its way into the air, for it 
contains the bndding leaves, which want the tight and 
will get a great part of their nourishment from the air, 
and the radicle which grows downwards as the root, 
covered with fine hair-like rootlets, which seek the rest 
of the necessary plant food from the soil. 

Now we shall ezamine the leaf to see how this oar- 

ries on its functions, and shall stndy, the root and the 
work it does below the ground. 

Look at the inside of an orange and you will see 
that the palp is contained in fine skins ; press the outer 
skin or rind of an orange and from the little holes or 
'gluidsyoucan equec/-e out an oil that smarts the aje when 
it is squii'ted into it by a miachievous child. Now take a 
microscope (an instrument that makes tilings look a 
great many times larger than thsy are) and yon will find 
that these glaiids He amongst cells. In the orange pulp 
we find the cells conntain a juice, sweet when the fruit 
is ripe, soar and bitter when it is unripe. Leaves con- 
tain similar cells withi. openings like the pores of the skin 
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between these cells.' These are fouDd principally on the 
lower side of the leaves, and it ie horn them that the 
water taken ap by the pl&uts finds its way back to the 
ait OB TapoUE. Thia peooobb is called ttanBpiiafcion. A 
null leaf will contain about 100,000 such pores or stomata, 
and 80 a very large quantity of water ia iranapired through 
the leaves, though ever ao little eaoapes from eaoh pore. 
The whole plant is made up of cella whioh oousbt oE a 
thin eack which is (lead matter, and fhe cell contents with- 
in the sack. The chief of these is protoplaam. We saw 
that in the aeed there was a living portion whioh grew un- 
der favourable conditions, and the dead food which enabled 
this living portion to grow. ■ In the cells we have some- 
thing similar, a nucleus or centre of life and the sap or 
food taken up by the plant to feed that living nuoteas. 
But how can these celle be fed if each cell is, as it were, 
contained in its own separate bag, and the plant is made 
Tip of such ? How do they grow, how increase, and whence 
do thqr get their food? Bear in mind that plants live on 
liquid food- It must be given to them in the form of 
vater,thonghthe water is not pure but mixed with variona 
flnbBtaneea that help to support life. How life is generated 
no human being oan tell. All we know is that from one 
life another comes. We can, by Chemistry, learn what 
forms protoplasm that contains the seed of life, bat 
that does not help ns muoh. We learn foi instance, 
that it is oomposed of hydrogen and oxygen, which 
are the gases that form water, carbon or charcoal 
and nitrogen, and sulphur. But with aii these at 
our disposal no life can be made from dead things. 
Now, to support this life of j)lantB, food is required, 
and part, as we have seen before, is obtained from 
the caxbonic acid in the air, and part from what is obtain- 
ed from the BOiL Tonndesst&Qdhowthawatwotmtarining 



ingredjentB mixed.up with it in the soil finds its wttj from 
cell to eel! iq the roots, and right up the stem to the leaves, 
flowera, aad fi'ait^, we mpat malie a little experiment, 
which will render cleat the action -which takes place 
and is called the Law of Osmosis or Diosmosis. When 
treating of the air we saw thul. air heated a.t different 
tetnperatnres cannot a^iai quietly side by side, bat 
movement resaltg oX the uold to the heated air and of 
thf htated air to the cold air, till both are of the some 
temperature. In the same manner if similar fluids 
are separated by a thin material like a bladder, move- 
ment begins and the one Said pasBes into the saoond 
and the second into the first, and the movement 
continaes till on both sides of the dividing 
material the fluids kk> balanced. This is exactly 
what occors with the root cells forming the plant. The 
water containing various salts, that help to support plant 
life, is thus carried up from ceil to cell, and finally when 
it has deposited the salts along its route is transpired 
from pores or stomata, in the under pact of the leaves. A 
most extraordinary oocurrence, and one that no science 
can yet ekplain, is the wonderful power plants have of 
selecting the salts and rejecting others, as we see from 
the colours and smell of plants and flowers growing in 
the same soil, and the resulting fruit, such as the 
various crops grown on the farmer's land. How these 
salts are ooml^ned and changed we do not know. The 
greatest chemist's laboratory does not show' anything 
like the remackable work going on within the plant 
during its lifetiniB. A part of this water, laden with 
salts, carries iood into the interior of a cell and so it 
goes from cell to cell with wonderful rapidity; and part 
also is carried along the outer cell walls and &nally is 
transpired through the leaves, after all the nourishment 
has been drawn from it by the plants. 
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Nobody yet anderstenda all Ihe wonder of plant 
life. Toa will naturally ask if the cells become bigger 
and bigger and thus make the tcee grow. Such is not 
the ease, or yoa wonld have all thp plants and trees 
with great hoUowB in them.. 

After a time,aa the protoplasm or living pLirt within 
the cell, grows, it ilivides, a new lining ia formed 
between the two particles of protoplasm, andthos there 
are two cells where there was one before. This 
splitting and increasing in the namber of cells goes 09 
at a yery great rate, and, as the old cell ■walls harden, 
many of them die as new ones are formed, and we have 
the solid interior wood of the tree. Bemember that all 
the celts are so small that it wants a microscope to see 
them. It would be very interesting to all farmers if 
there were a microscope in each village school, and the 
children had the opportunity of learning how to use it. 
Iiittle harmless looking specks would then be seen as 
what they are, viz. quickly increasing conmianities of 
animal lite eating away the very eseence of the plants 
on which they live, or vegetable life exhausting all the 
sap of the plant on which they grow. 

We have seen that theio are openings between 
the cells of the leaves, which serve, tike the pores of 
oar skin, to help transpiration. Can we prove this? 
Yes, very umply. Take a leaf and place the lower side 
on a piece of tin, and, after a few seconds, remove it, 
and yoa will see that the vapour esoaping from the leaf 
has been condensed by the cool tin, and appears where 
the leaf lay, as little drops of^ water. Tarn the other 
side of the leaf on the tin. There are few or no 
itomata there and consequently we do not expect to 
find any water ; bat a little will be seen by the escape, oi 
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■ome npour through the thin oovering of the cells on 
the upper portion of the ieaf. ThuB the food taken up 
in the liquid atate is retained in the plantand the water 
tamspired. Bat, besides bceBtbing oat water yapoar, 
plants talte carbon irom the air tii build the coal we' 
find when the plante are burnt. Though air containing 
mnah eaxbonio acid ia injurious to animals, it is food for 
l^nts, and, as we said before, plants take in the 
carbonic acid, and, in the sunlight, decompose it, 
assimilating the carbon and breathing out the oxygen. 
This can be proved if /on breath into a glass, torn it 
upside down in water, and place a plant in the glass. 
In the sunlight, in course of time, though no change 
seems to take place, the breathed air containing car- 
bonic acid will not be there, but only pare oxygen will 
remain, for a lighted match introduced will born brightly 
although if put into tho bottle before the experiment it 
will go oat at once. If not kept in the sunlight no 
change would take place in the air within the bottle. 

Besides water and oai'bon from the air, we have 

seen that the plant takes up various sabfitaacea from 
the 8oil, sucb as zinc, which, with water and air it 
eootains, forms in combination with iron the green 
ooloniiBg of the leaf, oarbonio acid, nitrogen, snlphnr, 
lime, phosphorous, potash and a great nombec of 
other metftls. Of these Hubstances most soils hartet an 
ftbondance for plant life, but the chief needs of the plant, 
as we. shall team in the next (>luptet, are nitrogen, 
phosphoricacid, potash and lime, and these are seldom 
present in sufficient quantities in the fields where oropg 
have been grown for a long time. 

Ton know from experience that as wood dries it 
loses its wai|^ A great part of it ia water. When 
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wood if bomt smc^e arises, and coe^I and ashes are left. 
The emoke is the partly burnt wood escaping into the air, 
the coal a ths carbon, and the ashes ooQtain that portitm 
ot the plaut which hu been obtained by the minent or 
earthy portion of the soil. Men of soieDce can, 
means of Chemiatry, analyse the ashes, and find out how 
muoh lime, phosphoric acid, potash, etc., is oootained in 
them, and thoa tell ns what is taken out of the land by. 
the crop. These substanccB are' again produced by the 
breaking ap of the soil into its component parte through 
heat and moisture, but this process is slow, and we find 
onrselTes forced to pat in these snbstances as manuies 
if we wish the land to continue to be fruitful and to give 
abundant crops. The same aaaljaas con be made of the 
manures and fertilisers used, bo that, when we know 
what the crop tatea from the soil, we can nae fertilizem, 
and grow crops on even the poorest sandy soiis, snoh as 
the orange, pine-apple and tobacco soiU of A.merica, that 
by snch means are made to pay muoh better than exeunt 
soils in India, whioh are not so carefully and sdentifloally 
treated. 



Manures. 

The food useful and neoessary for plants most be 
placed at theiz disposal if there is not a snffioienoy in the 
BoiL This is called manuring or fertilizing. 

In the jungles plantB grow and die and go back into 
the soil from whioh they rose, and nothing is lost; 
consequently no manuring is required. In course of time 
the roots go deeper and deeper into the subsoil and take 
up the food into the roots, stem, branches and leaves, 
and when the leaves decay and fall they add to the froit- 
fulnasB of the upper Boi&oe, making a rieh, porous humus, 
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omtoiDing all the joung plants re<]iiire. And 80, u time 
goes OD, the soil is improved, Siod the young EieeB of t(he 
jvu^lea grow better still. 

Bat this is not thp cme, in our fields. We take away 
the corn aod probably ucll it, and uvt^a much oi (he stalks 
» disposed of away from the i&rm. By degrees, there- 
fore, it may be very slowly lit first, the land 'biigins to 
show signs of po'verty. .Virgin aoU is generally rich and 
gives Lat^e orops, traoh as the lands populated in 
oomparatively recent times in Canada, AuBtcolia, an<l the 
more Western of the United States. But even in such 
countries it has been discovered that farming scarcely 
pays TinleBS manors is nsed, for the land has hadsomnch 
of the plant food taken away by the crops, that the 
farmec must add it, if he wants a good harvest. 

What do plants require as food ? The first thing that 
will enter yoar miod is ' cattle dung ' and ' farm refuae.' 
It is true that these are excellent fertiUsers ; but can we 
get enough of them anywhere ? If in Europe, where 
the animalH are stall fed and carefully looked after, there 
is not enough for the fields, can we expect a sufficiency 
in India ? Only the garden orops, or those that om be 
watered from a well or canal, are treated with farm 
jBxA manure, as a rule. 

Now what is it that plants reqaire for their fond 
and how much of it is to be found in cattle dung or farm- 
yard manure, that acts as food for plants ? 

It is extraordinary how many things are required to 
Imild up the body of a single plant. Anynnmber of metals 

ore taken up in the form of salts dissolved in water. 
Moat of these, however, are to be found in suffident 
quantitteB in nearly aH soila. 
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: There ate four prinoipal isgredieats of plant food 

that are not in Buftioient quantities in the majority X)f 
soiU. viz., Nitrogen, PhoBphoric Acid, Potaeh, antJ Lime. 

Nitrogen i8 known by its pungent smell, when, as 
ammonia it is noticed fixnn unnals or where much cattle 
dung and oriae are heaped together. It will also be 
noticed if clean dry bones are wetted and kept in an 
unTentilated room, 

FhoaphoronB is known to most peasants from the 

use of safety matches. The stick is dipped in phospho- 
rons, and, as this easily takes hce when exposed to the 
air, it is coated with material to keep ont the air. 
When rabbed on a match box, this outer covering is 
scratched away, and the phosphorons exposed to the 
air ignites and burns the wood. 

Potash is found in small quantities in the ashes of 
plantB. 

Lime is too well known to require further men- 
tion, except that it is little used in the fields in India 
as it is seldom wanting. in our soils, though it will 
always serve a useful purpose if applied to land con- 
taining a great deal of decayed vegetation often covered 
with water. In such cases the soil is soar and lime jm 
necessary as well as drainage. 

A chemist can find that water ia made op of two 
gaaea in different proportions, 2 of hydn^en and 1 of 
oxygen. When he hfts found oat the amoont of char- 
coal and water in wood, he then examines the ashes and 
leonu what they contain. In the same way he cim 
take up a given portion of ft field mop and Snd out 
what the grain and the straw are made up of, and thus 
see what the crop has taken from the cur and from the 
earth. 
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Numbeiieu maalyses are made of cattle dung 8>nd 
fannyvd manure. Animals, like oxen and bheep live 
oa the grass and hay they can get, and form irom it 
their bon« and fleah, hair, hcxds and horns, and we 
natntall; find in theee the same subetancea taken from 
the plants, only the parts of which they are composed 
are mixed in different proportions. When animals feed 
on grass and hay, part o! what they eat is voided in the 
shape of dung and urine. The dung is the food that 
is not digested, whilst the urine forms part of the digested 
matter that is no longer wanted, and is voided. We are 
therefore not much sTirpriaed to find that the urine 
contains a deal moce of nonxishiog piani food than 
dnng. We also know from experience that it decom- 
poaes much more rapidly, and conseqaenbly is of gr^at 
importance far quickly growing crops, and helps to feed 
the slower growing plants, whilst the dung and litter 
are falling back into their component parts. 

It is not the quantity of material placed upon a 
field that tells ns the amount.of plant food given to the 
oropB. Working animals get, besides their allowance 
of grass and hoy, a certain amount of what is called 
'conoeatratedfood', such ae oilcakes. These contain 
more noorishing matter in a few pounds than we find 
in large quantities of hay. The amm^ benefits very 
much fnmi suoh feeding, and the farmer also benefits, 
ndt merely by having stronger ammaJs from which he 
osn get more wwk, but also from the dung and mine 
voided. By good feeding nothing is lost. The anim^ 
become stronger and give the farmer more and better 
work, aati the dung and urine voided are richeiin plant 
food, and thus give a better return in the harvest. 

TSaw let us see what Bubstanees wa oontained in 
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the dang and orine of cattle bo that we auty le&ra the 
value of these for our fields. We can compare freab dung 
with well-rotted dang, dang aod urine combiaed, and 
dang, nrine and Utter well preseryed, with badly oared 
for farmyard manure. We can then Bee what we are 
putting into the soil when a cej-tain nnmber of oart 
loads of farmyard manure is ploughed into the flelda 
W<: can aiso Bee if other manures can take the plooe 
of (arrayard manure, and whether it is beneficial at 
times to add other fertilizers to the manure prepared 
on the form. Som^ manures decompose so rapidly that, ' 
when the crop, is reaped, .no food remaina in the soil. 
It ha« either been taken up by the atoip, or lost in the 
drainage. Snoh nunarefl are excellent when we require 
a rapid leaf growth ; others a,re more ndoessary for the 
fruit, Buch as the grain in cereal crops, and the 
sugar in cane, and help early ripening ; whilst othars, 
again, help to build up the body of the plants and ser?e 
to carry the first and second through the plant. 
You must not think that plants live on nitrogen, or 
phosphoric acid, or potash alone. Each of these would 
no more be food for plants than lime, or eand, or vra.tuT 
alone wouH form mortar, or the varioaa ingredients 
separated, would form a carry. They must be mixed 
in Torying proportions to sait different plants. How 
this is done by the plant, what power it has of selecting 
ocooiding to its wants, and how it Taries this power 
of seleotion in .different soils are mysteries even to the 
most learned. It oan, however, make bad mistores 
when in the wrong soil, taking one mineral that is more 
plentifnl and more easily dissoL^d, in plaoe ol another. 
It is' on this accoant you find sngaroane grown on vary 
salty land a regular purgative. It is the bnsiness of l^e 
former to ploae at the disposal of the i^ant the variotu 
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foods it feqiiuree,<]'u9fe &s it is the 'vfork of the woman of 
the I house to get a, supply of the curry Btmffs, which, 
though the iogredieuts may be the same, sre mixed ia 
different ways to snit different taetes. The plant does 
not live on eiogle food ingrediente but on a nourishment 
composed of different foodstuffs combined, and every 
eitigle oonatitoent part of this nourishment is effaotive 
only in the completed whole. One thing most be 
carefully remembered in manuring S'^i'' *bat is termed 
the Law of Minima. If you had plenty of nitrogen, but 
no phosphoric acid or potash, placed in caxefnlly treated 
sand, in glasB jam osedifor experiments, no plant would 
grow. If to thenitrogea you added plenty of ph<wphoriB 
acid, plants would stili refase to grow. It' then you 
added a sufficiency of putash, but lime were not present, 
again no harvest would result, and so on with sulphur, 
iron zino, and the namerous other minerals required by 
plants. 

Now most soils have the majority of these 
substances in abundance, for plants reqTiire very Uttlo 
of them, but nitrogen, phosphoric acid and potash are 
found wanting as a rule in soils long cultivated. 

Cattle dnng contains everything requifitf' for plant 
life, for the cattlti have got all this from tbe planes on 
which they feed. This is called a complete manure, i.e. it 
eoniains all the necessary ingredients to forru'plant food. 
There are other mannrds excelicnt for the particular pur- 
pose for which they may be used, which coutaiu one, or 
perhaps more bat not all uf tliese ingredients, and these 
are oalledincomplete manures. To use suchu;i si>il that 
iBwantingin the remaining plaut food orfoode would be 
a waste of money and prodilce little good. It is true 
there are few eoils completely wanting in any of then 



foods, bat there ure maay in which the quantity if tiot 
sofflcient ta prodvoe a good crop. To explaiu- how thiii 
oooQis, the loUowmg illuatrEbtion may he foand osetul. 
Sappoie an aor« contained 20 lbs. of nitrogen, 20 Lbs. of 
^Ksphorioaaidand'idlba. of potash, a Biffioienoy of lime 
and all the other snbstanoes that are required by plants 
id very small qoanbitiea, in a state easily Boluble in water. 
If a full rioe harresl contained il lbs. of nitrogen, 26 llA. 
of phosphorio aoid and 6S lbs. of potash, yonr crop wonld - 
be a six anna one. If you a.dded any amount of nitrogen, 
you would not get more than a six anna crop, for 
the potash in the soil is equal to about % of what a 
full crop requires. As soon as 28 lbs. more' of potash 
is added a sixteen anna crop will not be obtained. Six 
lbs. of phosphoric acid are wanting, and, till yon place 
this at the disposal of the plants, a foil crop will not 
be. got. But if the soil contained 41 lbs. of nitrogen 
68 Ihs. f>F potash and only 5 lbs. of phosphoric acid 
you would not get more than a four anna crop, nniese 
the other 15 lbs. of phoHphoric acid required were 
placed at the diaposal of the plants. 

This having been impressed on your mind the ques- 
tion of the value of manures, complete and incomplete, 
may now be diBouseed. 

To the careful farmcj: oaa lut of cattle manure is 
not the same as another. He knows that if the lefose. 
of the farm is thrown intu the manure pit with iim duiif( 
and nrine of the cattle, and this is well covered over, he 
gets after some mmths a ,well rotted, friable heap, 
which givee good results when ^tnghed into the soil,' 
especially if the pit is so made that the liquid does Aoi 
eink into the soil. If the heap is unoared fn^ and ex- 
p6aed to sun and rain, the useful parts of the maTWire 
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•re wMhed away to make a filthy rivulet aroand tix9 
baaM, and staff that is tittls better than straw, and 
poor ■tiaw at that, is carted to tho lietds. No wondar 
the rentlting- harvests are poor. It costs as maoh to 
have bad manure as good. We mnst thenilore stodf 
how to get good maniirfl. Tt is not the quantity we 
have that tuUs; it is ilxa quality. Now bo study the 
quality we most learn what it contains in the shape of 
plant foods, and, funny though it may appear to many 
farmsiB, we mnst learn to regulate this qoality. 

The excreta of animals have often been analysed. 
The nitrogen is as follow 

In 1000 lbs. ... Dung Urine. 

Sheep ... 7 lbs. Ulbs. 

Uoxa» ... a „ 12 „ 

Cow ... 3 „ 8 ,. 

We see here that the urine contains mnch more 
nitrogen in every 1000 lbs. than the dung, and this 
shows na how much money is lost when we allow this 
valuable manure to pour away around tho home and 
eanse nothing bni a stench and bad health. It should 
be ponred on to the heap and will serve a very import- 
ant pnipose OS a manure, and further help to preserve 
the plant foods in the heap. la other works you 
wiU'find more about the preparation of good farm yard 
manure with reasons given why it should be cared for. 
la a little bo<^ollOO pages called the Value of Manurea, 
all this is written of in giore detail. Ton can also 
IMKase the amount of plant foods in the dnng by the 
HM ol oil eakes and other materials that contain much 
plsAt food. Nothing is lost by feeding cattle well. Eirst 
yoQ eaa get rcoxp moA oat of yonr bnllooks, and more 
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mitk and batter from yoar cow^, and bettor and fltxonger 

calves, and nothing is lost. What dofls not go to make 
flesh, and blood, and bone, is voided by the ammal, 
and that contains mora plant foods. Vbic^eea samplflB 
of dung were analyzed by Dr.' Leather. Six aamplea 

contained 54 Iba. of nitrogen in 10,000 Iba. of Excreta ; 
but these animals had oonoentrated food (oilcakb) given 
to them in addition to the ordinary rations of hay or 

straw. 8even samples showed only 17 lbs. nitrogen in 
10,000 lbs. Excreta, but these were village cattle that 
had to get their living as best they could by grazing. 

Well-rotted' stable dung should contain in every 
10,000 lbs. of Excreta : 

Nitrogen. Phos. acid. Potash. 





58 


80 


SO 


Freah homan Excreta 








(solid and liquid) 


35 


36 


21 


Haman Excreta removed 








from pits 


37 


16 


15 


Blood meal 


1180 


ISO 


70 


Groundnut cake 


760 


150 


150 


Castor cake 


500 


120 


100 


Bnnflower oake 


fi90 


aio 


100 


Gingelly oake 


691 


140 


320 


Safflower oake 


fiSO 


190 




Niger seed 


460 


240 


100 


Cocoanut oake 


370 


300 


130 


Cotton Boe'd oake 


2fiO 


120 


240 


Earanj cake 


350 


160 


190 


Mhoura 


260 


90 


80 


Tobacco stems 


800* 


86 


600 



All these and many others are complete manured. 
Bat' a complete . manore ia not always wdl balanoed. 
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Take, tor instaaice, blood meal. If this were osed for a 
rice crop the potaah it contains would be a little more 
tlian BofficieDt for a 17 anna crop bub there would be 
naazly 100 lbs. of phosphoric add ores and above the 
wants of the crop, and nearly 800 lbs. ot nitrogen would 
be.praotioally thrown away into the drains. 

Many plants requirp no nitropfin in the soil for they 
take it direct from the air. The-se are the iegaoiinoBae 
that we spoke ol before, among which you find, peas, 
beans, etc. 

* 

If they have enongh phosphoric acid and potash, 
they require no nitrogen in the soil, for they gather it 
from the air. How thia ia done you may learn from 
o^ee hocAM later on. To use your cattle roanore for 
these IB not wise, for you are practically throwing away 
all the nitrogen it contains. Much cattle, mannre may 
even do harm. But plenty of ashes, and bone or basic 
•1^, will always be nsefnl with tUxis crop. These who 
on accoont of religious scruples do nob care to nse bone 
will Gnd a good 8al»titate in basic slag. In preparing 
steel from iron, the one thing not wanted is phosphor- 
ous.' Iiime is used in the pi-epatation, and the phos- 
phoric acid of the iron is united chemically with the 
lime and excellent steel results. The great lamps of 
slag that were formerly carted away as mbbish, are now 
ground down into a fine pow der-, and serve as an excel- 
lent phoshpatic manure. I'bere are some manures that 
oontun neither nitrogen nor phosphoric acid, but are 
rich in potash. These are the salts dug out of the 
earth in Germany. Sulphate of potash contains 60. 
lbs. of pure potash in every 100 lbs. of the fertilizer, 
but has no ctmunon salt mixed with it. Muriate ia as 
nqh in potaah but hu also a certain amount of ordinary 
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Bait mixed with it. Kainit contains about 13 IIh. of 
potash in every 100 lbs. of the fertilizer aad has also 
about 30 lbs. of common aaH, which makes it very ose- 
fal Trhera oommon Balk is requited, espooiollyfor coconut 
palms. 

It will be notice'd that some contain muoh nitrogen 

and not much phosphoric acid or potash, while others 
with less nitrogen contain more phosphoric acid or nto^e 
potash. We must therefoi:e mix manures iu such a 
manner that there is no waste of one of the plant foods 
in order to irupply a snfticiency of jsome other. And 
this we can learn only when we study what the crops 
take £rom the soil. An application to the nearest ogri- 
cnltnial association will obtain yon this information. , 

Some plants, like mosl of the cereals, often require 
a slight application of nitrogen to give them a- good 
start or to assist them in a soil that is naturally poor. 
In such cases nitrate of soda is very useful for it con- 
tains 1550 lbs. of nitrogen in 10000 lbs. themanui'e. 
It must be used as a top dreeeing only, because it ia not 
reta.ined long by the earth, and what in not used by the 
plant is carried away in the dcainag*.- Another very 
rich manure, very useful in garden crops, such as sugar' 
cane, is sulphate of ammonia, which oontains 20S0 Iba. 
of nitrogen in 10000 Iba. of the fertili^ter. It must be 
harrowed in. It is nob carrietl away 'quite so soon hy 
the drainage water, but what ia not taken up by the 
crop at the end of the year is carried'^ out of Teach of 
the next crop. 

l^irate of potash or saltpetre is another excellent 
nitirogenooQ manure wlvch oontftins in every 10,000 Ibe. 
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oX lartUizer 13S0 Iba. of nitrogen and 4400 iba. of potash . 
Ab a top-dressing for rice it has proved excellent in 
vftiioaB parts of India, and it will also serve toe ccops 
wfaoBB loots keep near the surface. Of ooune the 
law of minima must be remembeied and a snfficiency 
of phoshoric acid iiuiHb bo adi^ed to the manore if a 
bumper hacvesi is exvt>oteij. Some manures contain 
nitrogen and phoshoxio acid, like bone, pern guano and 
6ih, and others phuahporic uaid alone, such as basic slag, 
bone superphosphate and coprolites. 

It must be the study of the farmer to supply all the 
foods the crop reqaires. He must apply to Agricultarat 
SocieticB or to the Department of Agiiculture to aaoer- 
taip what plant foods axe remiived from the acre by his 
various crops, aud endeavour to put back into his fields 
at least tho amounts withdrawn. Biit this requiires 
some learning. It will not do to continue as the old 
people did. They became good fanners in time without 
the aid of bcokd, but they made many mistakes and paid 
dearly for their experience. Now that competition is 
felt even amongst farmers, and other lands are growing 
the harreBts that India alone bouted of formerly, the 
man who tills the soil must not only use his brains, but 
he must try all he can to use the brains of others. He 
must see -srhy, for instance, in India the hanrest is less 
than IS.bnshels of wheat, whilst in England it is nearer 
38 on an average, why 69 lbs. of cotton are obtained in 
Indib against 190 in America and 3S0 in Egypt. Ha 
must see what they do to improve their land and follow 
their example. But, above all, he must look upon his 
farming as the bania does on his shop. Does it pay? 
and how far ? — ore ^ueaUona be caa answer by well- 
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It ie &ot anoommon in India to see a poor illitetftte 
raiyat atart a sugarcane patch with boirowed money, 
induoed tb&ceto by the splendid i-eturns of which he 
henra, only to find, at the end of 13 or IS monthS) to 
his great aiirpriEb, he ie imablp to repay capital and 
interest. He has kept no books. The coat of ploughing, 
mannren, seed and Inbonr have not been cntcnlated, not 
the tmonnb of interest to be met, the expenditure on 
cattle, impleraenbs, water, etc., have not been entered in 
any books. How was it possible for him to arrive at 
the cost of his crop and compare that with the value 
of the harrest. No Farm Labour Account can be 
shown, no Stock Book, no Cash Book. He cannot read 
or writd and cannot therefore draw up a Balance sheet 
to know how he stands. 

Every year shows more plainly the necessity for 
edacation if the fanner is to succeed. The argument 
that the iUiterate man often succeeds is a poor one, for 
had he the elements of scientific agricultural knowledge 
he coald have succeeded far better, with few^er costly 
blunders. Nowadays the raiyat must learn what his 
ciopB ooat him, the cheapest and best way of feeding 
his cattle and procuring his manure, the best mai'ket 
fov hia produce, and above all, the way of obtaining 
bninpei' crops at the lowest expense without harming 
the land. Instead of being a drudgery, his work becomes 
most interoaling, and, instead of envying the lot of 
townspeople, he loves his free open-air work, puts his 
whole mind to it, riGes in his owu esliamtion and the 
estimation of hia neighboars.'^and finds himself before 
long if not a rich man, certainly in comfortable dream- 
stances. 
7 
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A big book irnot useful to the peasant. He wants 
a small book that be oan lead for a few minutes after 
his day's work. Bat reading aione is not of much use. 
The man who learns out of a book how he has to ride 
cats a BOiTy &gaxe when he mounts a horse. It is good 
to learn things from a book if you endeavour to put 
them into practice. 

Nov the chief things we are to try, after re&ding 
this, is the improvement of the land by tillage and 
manures, and a careful study of the best rotation, so 
that, as trae farmers, we obtain from the soil the great- 
est pc^ibleretiu'n without harming the soil, at the least 
poBsible expense. 

AU experiments must therefoLe be carried out on 
small patches of land of equal size and texture and value, 
and every trial mast have a duplicate plot to allow for 
differences in the soil. Only one thinj^ muei; he chang- 
ed at a time on the ti'ial plots if we wish to learn 
anything. 

It IB to be hoped these few words will lead thought- 
fnl farmers to study everything connected with the soil. 
Ab long as you are satisfied there will be no progress. 
Yon must try how you can better youi jpiospects in 
every way, and perhaps this little hook will put you on 
the way to think and act in such a manner that you 
will have two blades of grass and two ears of corn where 
only one grew belbre. If you do this you will benefit 
not only yonrselves bat also your neighboors and your 
mother-country. 



THE VALUE OF MANURES. 



T^ere is absolutely no r^ueition m to the neouu^ 
<tf Trnmaring. The most ^norant peasant knows that he 

muEtt put: sumethiug into the soil to keep the land ferbilBf 
thougli lia may not etacUy (rninprehend how that some- 
thiag Will chemically decompose aod give up the ooDsti- 
taentsasfood for plant-life. Nitrogen, Fhoapborio Aeid 
and Potash ate a jacgon the Indian ooltiTator leaves to 
students of the stranger's books : bnt he knows what 
plants are usi'ful fov green manuring, of cattle excreta he 
chooses the best available, often nsiug it in thecheapeat 
possible manner by placing sheep on his land for a night 
or successive nights, for potash he manages with a little 
burning of rubb'wh. and for phosphoric acid a sheep's head 
is often placed at Lhe roots of sickening orange trees. 

The great pity'oF it is that he treats hie land as he 
treats hisanimals. He knocks as much work out of both 
as they can well stand, and feeds them as little as he dai-e. 
As long as he merely rente the land this continues — a 
custom noticed not only here in India, bnt complained ci 
in Natal, where patches cultivated by Indians, are render- 
ed in a few years almost barren. 

Liebig (and every agricultural chemist with nim) 
shows that plants take certain food from the soil. Now 
yon cannot go on taking substances from the field without 
impoverishing it. True the land it8el{ contains materials 
which, in disintegration by the action (A. damp and heat, 
prepare the mineral food the plant requires, and this goee 
on much more rapidly in warm than in cool otim&tes. 
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^orthis vety reasoti the depletion of Indian fields ib aooel- 
«nkted*, and the time mast come when the eoil can stand 
the robbery no longer and oonfeBses its poverty by its 
inability to produoe froitB any more. It ie by slow de- 
grees, aa a role, that this point is reached : but we «ee the 
TsHous stages all over the oonntcy. It is fiiel dieeaBe 
amongst staple crops and later on aoroplete failare. till 
rest to the soil by 4 ohinge of crop or a time fore lying fal- 
low, allows of another att^tok on Its slifjiitly rocoupeil re- 
Bources. The>isdtffioalties do not come to light in savage 
01 sparsely peopled lands, -for the inhabitants merely 
move on when the soil shows decided signs of deteriora- 
tion. Bat the India of to-day will not allow of a step to 
the next plot, when the land has been taxed to the limit 
it can bear. Land \a dearer, the population more dense, 
and the simple expedient of walking away from'impover- 
iflhed fields is absolutely impoRnible. THe depleted land 
must be fed and restored. In other words we must put 
into the soil what the crops have taken from it. To do 
this, we must learn what and bow much has been remov- 
ed, and pnt back at least an equal qoantity of food 
staffs — the wise farmer will put more. A sensible land- 
lord knows he must look after his cattle well if he wants 
work from them, and that health and strength mean feed- 
ing and care. It ie the same with his land. He works 
it and deprives it of certain substances requisite to bniid 
op the body of his plant') and fruits, and if he wants any 
more from the soil he must put into it what the plants 
have taken out. Of course this does not mean that there 
are merely chemical considerations in dealing with land. 
We know a certain amount of substance is re<{uired to 
feed the hnman body, and though the fattening and 
strengthening nourishment from a whole ox were put 
into a tea oap, it does noi follow that a m»n could live 
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long on the decoction. There are consideEattonB ot the 
physical nature of the Boil, moisture, heat, and a immber 
oi otherB as jet little understood by the greatest ecientista. 
Into these ve need not enter. Each farmer knows his 
own soil pretty faicly. Few Earmera, however, know the 
amount of variouH food Btuft'a thu different crops extract 
from the soil. When thiti lim been ascertained he can 
save his land from being exhausted or worked out. 

What is a manure ? Not many yeairs ago an English 
farmei would have answered ; — "Mnok," and the German 
peasant wouid have deflneii it in the words : — " Was 
duengt stinkt " i.e. " What manures stiuks." Perhaps 
the Bimplest answer is the correct one, viz., Plant Pood. 

Mock or stable manure and the refuse of the farm 
has always been the chief fertilizing materia), and, no 
doubt, in decomposing, it produces an unpleasant smell. 
Even if, in these days, we had a sufficiency of cattle 
dung, we should stil! require a further study as to the 
febst means of preserrii^ the plant food contained in it, 
its value as & manure, the effects it has on the textoxe of 
the soil, and whether it is useful with every crop or 
wasteftU (and this may sound extraordinary) withothecs, 
if the addition of certain other natural and artificial 
fertilizers might not be prodnctive of iiioreased harvests, 
and whether these might not, in the absence of » sufli- 
cieney of farm-yard manure, take its place, wuhout loids 
to the larmer and possibly to hia great gain. 

The earth contains all the^temants of plant food, 
and :'n farests and on grass lands where plants grow and 

die down and nothing is carried o3 the soil the land 
reijoires no replenishing, but where the produce is taken 
from the farm, year after year, something must be put 
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back or the land will safEer. Tbe plant-food reaoorces, 
it Btaads to reason, cannot be constantly withdrawn and 
yet the land be expected to remain as rich as ever. 

In thd.old days people believed that »ic, watec, tire 
and earth were elements, that is they were not oomposed 
of different materials ; but, since the science of chemistry 
has been studied, we know that water consists of two 
ga&es, hydi'ogea and oxygen, into which we can decom- 
pose it, that fire is doe to the combination of oxygen 
with the material set on fire, that a nnmber of gases form 
the air we breathe, and that the earth ib made up ot a 
Qtunber of materials such as nitrogen, phosphoric acid, 
potash, lime, ma^eaiam, common salt, iron, etc. 

As the various rocks are broken up by the actiion of 
water, cold and heat, and cmmble to pieces, they are 
washed over the plains, and make the Boil upon which 
varions forms of plant life grow. These die down ajid 
others take their place, till, in course of time, the dead 
vegetation forms the humus, which serves as the best soil 
upon whith to grow the most paying oi'ops. Soils are 
different in appearance and in valne according to their 
formatioB from various rocks which contain more or less 
of the neoessary food ot plants. 

AlthtHigh a solution of smelling salts with an intini- 
iesimal proportion of some other saline matters contaiiiB 
all the elementary bodies which enter into the composi- 
tion of protoplasm (the material of formation of living 
bodies), a hogshead of that fluid would not keep a hungry 
man or animal from starring, bat mnlfcitodes of plants 
oould live on it and thrive. In the same way if plants 
were supplied with pure carbon, hydrogen, oxygen, 
nitrogen, phospoxous, sulphur, etc., they would not live. 
1 II t.>t«a mnat be supplied to them in the shape of liquid 
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salts such as nitnteBi phosphates, .carbonates and other 
componndB. 

Thefe are certain foods absolutely necessary to 
enable the plant to live and develope, bat the inajoht; 
of the conatituentB are foand in abandanoe in erety aoit. 
Those that are moflt needed and generally wanting on 
cultivated lands are nitrogen, phosphorio acid, potash 
and lime. 

But befoud using the few chemical terms that are 
absoiutely necessaiy in studying the value of manures it 
is adTisable to give a general idea of what they mean. 
If clean dry bones are wetted and kept in a closed room 
there is a powerful pungent odoui, similar to that of 
smelling salts, and in the dung and unne of animals the 
same is recognised. It is a combination of the gases 
Nitrogen and Hydrogen, called Ammonia. When the 
bones decompose they leave in the soil lime and phospho- 
ric acid ^Bo. Phosphorous is probably known to the 
maiority of farmers who have used safety matches. 
Wood and other materials that are burnt leave ashes 
which contain a. good deal oi potash. On the farm one 
sees how water and heat decompose materials lying in 
the soil. These readily break up into the things of 
which they ace composed. For instance vegetation that 
tote, gives baok the nitrogen, carbon (or woody portion}, 
water, etoi, they have taken from the earth, and the air 
and dead animals which obtained the food by eating 
plants BQCh as grass, lucerne, oilcakes, etc., in decaying, 
give baok to the soil what they took from it in the shape 
of plant-food. This is one of the reasons why even grass 
'dtoald be maunred so that the oxen feeding on it should 
get richer food from which to build up their bodies and 
even their very bones. 
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What is done slowly by nature can be d(me much 
gaicker by chemistry. Hence we can select s portion of 
a field and ascertain the number and quaniit; oi the 
component parts that make up the Testation, and thus 
learn how mach is taken from the acre by any given 
crop. We can similarly aniilyBc any give.n manimt. such 
as oilcakes, fish, bone, etc., and laain what they contain, 
if all the necessary plant-foods are present to entpply 
what the crop hat; liik^n from the soil, or whether others 
should be added, and in what quantity. 

The science of farming h to get from the land the 
best possible sncceasion of crops at the lowest possible 
expense, ^thont lessening the fertility of the soil, and 
the science of manuring is to put back into the earth, as 
much, at least, of the plant-food as is extracted by the 
crop, in a state that will allow the plaat to benefit most 
by it. Of coarse the expenditure Ehould be regulated so 
as to obtain the greatest profit. It does not follow that 
manaring can be reduced to a rule of thumb or become a 
matter of ample proportion. As in our food the absence 
of BO small an item aa a pinob of salt may render the 
whole unpleasant and even deleterious to health, so, in 
fertilizing, there are a number of considerations to be 
taken into account, and these will be learnt by study and 
experience. In order to have the best return it is not 
snfficieot to give back to the soil only the quantity o'f 
food t^eu up by the plants. Much of the manure is 
washed away by the drainage and some foods are requir- 
ed in far greater quantities than analyses of the crops can 
poHsib^ explain. 

Manures fonn the component parts of the food 
ueceaaary for plants. At the same time they act upon 
the soil in a threefold manner. 
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1. GhemicEkl combinations take place with the sab- 
stanoes in the soil. Thus, when Sulphate of Ammonia 
IB used, it meets with the carbonate of the earth, splits 
up into Sulphuric and Ammonia, the former oombtn- 
ing with the carbonate to form Calciinn Snlphate, the 
lattei also uuitipg with carbonate as Carbonaie ot Am- 
monia. When (he Carbonate of Ammonia is diflsolved 
by th^ bacteria into nitrates, the carbonate and 
the aalphat^ of limo are washed out in the drainage. 
Hence ihe conslant use ot Sulphate of Ammonia has 
resolted in the loss of 3/4 owt. Calciam Carbonate, for 
e-very cwt. of Sulphate. of Ammonia applied, and where 
the land was originally poor in lime the consequence has 
been a eonring of the earth and inability to raise a bar- 
vest from seed sown. 

When superphosphate is ploughed in, the water of 
the soil decomposes it and spreads the phosphoric acid 
CYenly OYsr the acre. This does not occur with many 
other phosphates, and hence the advantage of using 
phosphates treated with sulphuric acid. The phoaphorio 
acid is then combined with only one atom of lime and can 
easily be diasolved. When, however, ii is mixed with 
damp earth it unites with three atoms of lime. It is 
thus not easily washed out of the soil. At the same 
tinae we find in practice that plants can make use of it 
according to their needs, and that it dissolves again 
much more rapidly than phosphates not treated with 
Bulphnrio acid. 

Similarly Sulphate of Potash changes its base, the 
potash being freed for plant'-food, and the sulphuric acid 
combining with the lime forms Sulphate o£ Lime. 

Similar chemical changes* explain why certain aub- 
stanoes of little mauurial value in themselves, such as 
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oonutton ailt and gypsom, prove of graai vftlne to grow- 
ing crops. On decomposing, they form new oombioBn 
tioDB in the soil, incieaee the amount of potash, lime 
and magnesia diesolTed as pboephates, and often help 
the plant to tak« ap more of this necessary ingxedient 
of plaiU-food. , 

S. The physical changes hrooght aboot by man- 
ures also lequire careful stady. 

Nitiate of Soda. The Nitrate serves to nourish the 
plant but the Soda unites with Carbonic acid and foims 
Carbonate of Soda, Now it will be noticed that when 
clay is stirred in water the small particles remain sus- 
pended for a long time and finally collect together in little 
grains and settle. This is hastened if hme be added. 
The formaton into little masses is called floccnlat.ion, 
without which the Roil would become sticky, like paste, 
hard as rock when dry, and unable to form a anfficient- 
jy stiff bed for the roots of plants, when saturated, 
besides being always impurmeable to the air. Now the 
free movement of aii and water to the i-ootu of plants is 
necessary for vegetation, and this is almost totally imped- 
ed when crumbs are not formed. Fertilizers like 
Nitrate of Soda, Sulphate of Ammonia, and the potash 
salts also bring about flooculation, but, after they are 
washed out, the soil falls back more or less to very fine 
particles, especially in clay soils. Wheu Carbonate of 
Soda is added to the soil, the tendency to fall from the 
crumby to the pasty state is far more pronotmoed, 
and earth containing much of it will not bear a crop 
owing to this deflooculation. 

Fszmyatd manure i§ well known for its excellent 
effect in binding sandy soils and preventing the too 
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xa|iid loM vatez hj evapontum tad by dmiiuge, 

while its roe in heavy clay arieea from its opening oat 
the soil a.nd thas allowing a better moVement of the SDb- 
eoil water apwarda by oapillaiy attraction and of (ha air 
downwards to the roots. 

Long treatment with over-Bnppli«a of dnng make 
it difficult for the water io penetrate snfBeiently deep 
into the soil, a faot well known to market gardenwa. 

3. As fermenting wine aanaea deoompoaition with 
the formation of gases, and in bread a similar action is 
Iffooght aboat by leaven, so in the soil we have number- 
lesa bacteria orungle cell plant organisms, that, increas- 
ing by diTision, multiply rapidly and efFect the most 
important changes by reducing organic matter to 
bamoB, changing nitrogenous bodies into the nitrates 
which the plant can assimilate and generally fertiliz- 
ing the soil In their work these bacteria aire consi- 
derably aided by manures, and those especially that 
enter the roots oi leguminous plants and draw their 
Bopply of nitrogen direct from the air, are at their 
greatest activitj' when the soil is aappUed plentifolly 
with phosphoric aoid and potash. 

New as this may appear it only serves to explain 
how it occurs thai. »ni Is known to be fertile have this 
fertility bronght about. 

It is extraordinary the amount of mineral matter 
carried away by the drainage of any large tract of land 
by the rivers an their way to the sea. The anunmt oi 
potash thus carried away in a year in the water of the 
Ellbe from Bohemia is, according to Dr. Aikmon, 43,300 
tons. Immense qnontities of nitrogen are lost in the 
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dminftge waten. Paidty storing and a oomituit aoeeaa 

of air to the dTing-heap is often responfiible for a loaB of 
42 per oeni, ol Che nitfogea, witH slight Iosbss of phos- 
phoiia ooid and potash. 

It is not the amount of material spread over the 
fields that tells the quantity of plant-food piaoed at the 
disposal of plants. An ox m&y get a very large quantity 
of hay, bat. if hard-worked, it requires some oilcake and 
other fattening and strengthening matsrial. Though 
staUa mannre is always helpfal in improving the 
mechanical texture of the soil and aids in the formation 
o£ hnmoB or the upper portion of the soil containing 
decayed v^etation that forma the home in which the 
crops lived and grow, wp must remenber that it is placed 
in the soil for its plant-food contents principally. 

We must now turn our attention to the chief plant- 
foods it contains and compare this with other mannres. 

To be able to make the requisite coiopariBon we 
must first understand the meaning of the word percent- 
age. When, in Dr. Stoiev's analysis, we read that 
sheep manure contains '40 PiOs, 75 KaO, it 

means that in eveiy 100 lb. there is 69/100 or nearly 
7110 lb. of nitrogen, 2/5 lb. ot phosphoric acid, and 3/4 
lb. potash. We can thus make oompaiisons as to the 
amount of plant-food contained in each fertilizer, i.e., as 
to (he nibstanoes they contain which are most aecesaary 
for nourishing and building up the plant. 

In ordinary fresh stable dang we have, in Europe, 
'89 Nitrogen, '18 Phosphoric Aoid. and '4S Potash. When 

fairly rotted it contains '5 Nitrogen, '26 Phosphoric Acid, 
and -63 Potash. When very well rotted '68 Kitrogen, 
'8 PhoBphoric Acid, and 'S Potash. 
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These SguroB refec to the excrete of atall-fed 
cattle, when the urine is carefully preserved with the 
dung> aad care ia taken that very little of the plant- 
food stuffs it eonteins is allowed to be lost ia the air and 
in the drainage. 

If we take Dr. Leather's analyses of Indian oattle 
dang '3 Nitrogen, '19 Phosphoric Acid, and '17 Potash, 
we can calcatate the terrible losses suffered by the 
raiyat owing to carelessness, negligence, indifference, 
'or ignorance. 

He knows that sheep manure is good fur his tields 
and is careful to hire shepherds to fold theiv flocks 
where he is about to grow a paying crop. 

The analyBis- shows how correct he is, for sheep 
maonre contains : 

Nitrogen. Phosphoric Acid. Potash. 

■69 40 75 percent, 

against -a 29 -17 ,. 
of Indian cattle dung or a 

difference of '39 "ll -.58 
or obout 2/5 lb. Nitrogen, 1/10 lb. Phosphoric acid and 
S/6 lb. Potash in every 100 lbs. 

We can also see the very great loss, due to tngnor- 
anoe or carelessness, produced in the* cattle manure 
carried by the raiyat to his fields. 

We have seen that the dry dung alone analyses : 

Nitrogen. f hosphorio acid. Potash. 
■3 -29 -17 

whilst the liquid excreta 

show '58 -49 
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The dropping are : — 

Daily 

Horse. Ox or Cow. Sheep. 

Freeh 58 lb. 04 lb. & lb. 

' Botted 47 „ m „ 4 „ 

or Yearly 

Horso. Ox OL* Cow. Sheep, 

i-K6h 21,170 1b. aA.HlOlb. l,H251b. 
Botted 17,lSfi 25.1B5 1,460 „ 

These fignres aivti tov European sta^l-fed cattla About 
2/3 would be the figure for working cattle. 

The straw serves to souk ap the excreta, and to pre- 
vent the too rapid decomposition, to raise the chemiuat 
contents of the manure, and at the same time to serve 
the animals ae a strft dry bed. 

Farmyard manure is pcactieally the only manutre in 

India. As cattle are not housed here in the aaioe 
manner as in Europe, and the liquid from the stable goes 
to waste, a great proportion of what is voided, and aa a 
rule the richest portion, is lost to the onlbivator. ITndei- 
saeh eircumutancee it is timfl that far more atteotfon 
should be paid to what is saved, so that it will be utilized 
to the best advantage. 

The money value excreted by one oil amounts, 
aooording to Dr. Bichard Otto, to Bb. 62, reckoning 
the valna of Nitrogen, Phosphoric aoid and Potash on 
the European markets. This will scarcely be credited 
by the liidum farmer. Yet Otto's analysis shows how 
tnte it i>. 
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6f 80.866 lb. voided 

24,684 lb. or 80 per cent, is water, 
aadth6temaiiuiig€,172 „ oi l^U „ . ie dij^ sabataoce, 
ooutaining 

.17(1 „ Nitrogen = Bs. 60 
74 „ PhoB. acid = Ha. Jt-12 
200 ., Potasb = Rs. 8-4, 
omitting the organic sabstance 5,4'iO lb, which should 
be vaiuiid at Bs. 18 nt least. 

• 

To this hea{i should be added aXl the matenals of 
any use m benefiting the land. 

From the analysis given before, showing the loss 
resulting from negligence in saving the liquid manure, 
we see the necessity of tetaining all the feitiltziitg 
elements of the manure heap. It is therefore only what 
commonsense dictate^j to learn from those who have 
intbde a study of the losses of plant food that occur owing 
to incompetent management. Even ih Enrope the 
lesson wants constant repeating, and a few words from 
the " Farmer and Stockbreeder " will not be out of place 
hen. "It is to bo feared" the paper says, "that yet much 
remains to be done before farmers are broi^ht to a 
knowledge oi tb(; appallinfj loss that takes place annually 
through careless and iadiHareiit managenaeut. Experi- 
ments have bean made to compare expOHed and 
unexposed manures. It wa^ JciuonBtrated that there 
was a greater loss of nitrogen and oiganio matter from 
exposed manure than from tha^ jiroteoted. The f otmei 
lost one-thiid and the latter one-fifth. Ten per cent, 
more organic matter was destroyed in the exposed than 
in the protected manure. There is practically no lose 
of potash and phosphoric aoid from proteated manure. 
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Exposed manure that is rotting may loae about oufi-sixtb 
of its phosphoric acid and somewhat moie than one-third 
of its potash The chief changes, due to fetmentattoQ, 
take place within the first months rottiag, and experi- 
inente show that there is no apimJ tmt benefit in rotting 
the manoi'e longer than ihrec inunths." 

The manure heap when ke|it moist loses a great 
deal of its potash unless ihn tloor be watertight, and 
very little nitrogen eaoapes ^hen the heap ie kept both 
rooiat and compact. If rain comee on to the heap the 
water most carry away with it a great deal of soluble 
matter of the manure and unless the floor can stop its 
further progress the absorbent matter must itself drain 
off gradually, and money in the shape of liquid manare, 
finds its way into dirty puddles, proving only too clearly 
the definition of dirt, viz., a ^rood thing in the wrong 
place. What retnains in the heap is often next door to 
worthless, but the labour of carrying it to the fields and 
spreading it and ploughing it in is as great as if the best 
material were losing used. If the manure is well pressed 
and the air kept out, it does not ferment so quickly, 
but when it is loosened and the air admitted, the oitygen 
of the air etaits chemical and bacterial action and 
fermentation sets in rapidly. It should be the aim of 
the fanner to protect the manure from water, so that 
the important plant foods are nut washed out; and the 
whole mass should be kept compact to prevent loss by 
a too rapid action upon it of the air. In order that the 
valuable liqnid from the stable should not go to waste 
it is advisable to throw or pump it upon the heap ao 
that it may he absorbed. 

As the manure heaps are greatly neglected all over 
India and the loss to. the poor farmer is inoaloulable, I 
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extract the following interesting and instructive report 
by the Prinoipail of the Agrioulturat School, Gawnpore, 
on the different systems of houaing cattle ood consetving 
manura. If the advioe given be followed, it will pxore 
of the greatest bepefit to the caltivatoz : — 

" At the Cawnpore Experiment Statiou this subjeot 
has been under experiment mi observation during the 
past five or six years and the object of this bulletin is 
to place before the public the resalts of this stady 
aooompaaied 1^ such general remarks as are thought 
necessary for a, clear underiitanding of the subjact. 
Farmyard manure or cattle manure is the mainstay of 
farmers in all coantries especially in India, where 
artificial or chemical manures are not practicable at 
present (this was written in 1901). It contains ail the 
elements of plant-food, nitrogen, phosphoric acid and 
potash. It also exerts a powerful influence in improving 
the mechanical texture of the soil : by its application 
heavy clays are rendered more open and easy to work 
and light sands get greater ooheience and absoiptive 
and retentive powers, Of the several plant-food 
ingredients supplied by cattle manure nitrogen is by 
far the most important as it is most deficient in Indian 
soils, gives the qniokeat results when applied aa mannre, 
and is most difficult and costly to get. So the aim of 
every farmer should be to get the largest qoantity of 
nitrogen in a form readily available foe growing crops. 

farmyard manure ooasiste of the dang and urine 
of cattle and of other farm ttfiimals. Its qoality and 
oomposition will depend upon : — 

1. The kind and condition of the animal peododng 

it; 

, 2. The quality and the quantity ci the food flnppUei ; 
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8. The ear» bcBtowed in oolteetion and praaerration. 

1, TTte Animal. — Bheep yield more omoentrated 
dang and urine than hones ; horses than cattle ; and 
00 WB than bnffaloei. The following table ahovs the 



ThiE table brings out clearly not only the difference 
in the compoeitioo of the excremenia of the different 
speciee d animals, bat aUn the fact that in ereiy case 
the urine is much richer than the dang. 

Amongst cattle themselves an adult animal gives 
a richer manare than a growing calf ; a dry cow better 
than a milking or a pregnant one, because in the latter 
cacies a part of the food is spent in patting forth the 
fresh growth or in forming the milk. 

2. The food used in feeding the animals is a more 
important factor in determining the qnalily of the manure 
than even their kind or condition. The excrements of the 
animals of which farm manure is chiefly made up are 
simply the food sent out of the body after it has 
performed its functions. So what comes oat as manure 
is what has been put in as food — the richer the food ie, 
in valaable ingredients, the richer will be the manure. 
Poods Tary very krgely in their composition, i.e., in 
the proportion of nitrogen and other valaable ingre- 
dients they contain, The food given to cattle may be 
broadly divided into (a) grass and straw (6) the concen- 
trated food genet^ly given in smaU gnantities at so much 



avMage amoont of nitrogen 
mente M these animals :— 



in 100 parts of the exoie- 



Nitrogen in dung. 



In Urine. 



Sheep 0-7 
Horae 0*0 
Cow 0-8 



1-4 
1-3 
0*8 
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A dfty pec head, as cottoa seed, rape or mustard caibe, jiur 
«eect, gram, arhar, lobia, moth, etc. Practically speak- 
ing, the bulky foods of the former kinds ore more or 
Ibbs anifoEm in their composition and mmy he taken to 
■contain 4 lb. nitrogen in 1,000 lb, whi]e the ooaeen- 
tiated foods named contain about 95 to SO Lbs. of 
nitrogen in 1,000 lbs. Thus these conoenttated foods 
■contain aboat 10 or 12 times aa mnoh nitrogen as the 
atrawa, and the mamire produced by an animal ae well 
AS its health and condition, will depend not so mnoh 
apon the straw or fodder given to it as upon the gnantity 
■of concentrated food given daily. 

This was clearly shown by the analyses made by 
Dr. Leather, Agricultural Chemist to the Govern- 
ment of India, not to speak of the ooonttees analyses 
that have been made in Europe and America. He took 
13 samples of dung, six of which were prodnoeS by 
'Catble that were daily getting coiiceiitrated food in 
addition to their atrav. the cemuning seven by ordinary 
village cattle that depend upoa grazing and the ordinary 
ration of straw, but get no concentrated food. It was 
found that the former six sampleG contained on the 
average 0*64 per oent. of nitrogen against the average 
«f 0*17 per cent, of nitrogen contained by the latter 
seven samples. That ib the dim's of cattle that got 
'Cgncenti'ated foods uuntaiued three times as much 
nitrogen as the dung of cattle that did not get conoen- 
trated foo3. By allowing concentrated foods it ia not 
the dnog alone that beoomee richer as a manure, bati 
-the nrine also, and that in a'greater proportion. In 
faet, with adalt working animals the- whole ol the 
nitrogen and aah constituents contained in the food 
eventually comes out into the manure either throngh 
the flung or the urine. A clear grasp of thia foet by 
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the {ancers of England and other adTanoed oountrisfr 
hu not only contributed to their collecting and preserv- 
ing the ezoreta of their livestock more and i^ore 
oarefolly in peoportion to the cost of the food, but has- 
led them to purposely adopt a more liberal feeding of 
tbeir stock. Pot they seo that the montsy ihuy spend 
in the purchaee oi food laecuras them a double 
advantage ; Btr(»iger and more nsehil animals and & 
ncher manure as well. 

3, " The care bestowed in Golleciion and Preserva- 
tion. " — the dung and all the urine excreted by farm 
animalB togethei' with any litter that may be UB:!d, 
vfaen well lotted without undergoing any loss of plant 
food ingredients, makii the best possible farmyard 
manore. But in the general practice of the cuttivator 
a great part of the dnng, almo&t the whole at that 
collected during the dry njODths, is burnt as fuel either 
in his own household or sold outside to be used as such. 
Thereby the organic matter of the burnt dung and the 
nitrogen contained in it are lost. AsBuming that a 
working pair of cattle will produce about 100 maund» 
of freeh dung per annum during nights and the non- 
working hours of the day, and assuming that the culli- 
Tator boms about £ of this quantity, he loses about 
11'6 lbs. of nitrogen if his cattle do not get concentrat- 
ed food, and 89 lbs. of nitrogen if they do, as in the case 
of oart bnlloclCB and plough catte belonging to the better 
onltivaton in the Meerut Division. 

The XJrme « weight for weight, a Heher manure than 
Smg. — We have seen this already. Dr. Voelcker found 
one specimen of the urine of Indian working cattle to 
contain 1*16 per cent, of nitrogen and Dr. Leather 
found is another Bpedmen thftt he analTsed, 0*87 per 



cent, of nitxogen. A pair of working oatile can be 
taken to void about 4,000 lbs. in a year during nights 
and noQ-wocking hoars, and thia would mean about 3S 
lbs. of nitrogen. But the caltivatoi in hia ordinazy 
practice not onl; does not ntitise it, bat allows it to 
fertup.nt in hig eheda and become a nuisanoe to his 
cattle and the people liviiij; in his house. 

The way adopted in Europe and the United States 
of America for seonring the urioe and preventing the 
loss of its nitrogen is the use of litter. In this country 

the want of bedding material is the difficulty, but thia 
can be got ovef in many places by careful coilection and 
preservation of the leaves of sngar-oane, sheesham, 
mangoes, jack a.nd other trees and all kinds of vegetable 
refnse. The following system of housing cattle, known 
as the Box syscera is well suited for absorbing urine 
and supplying a well-rotted, lich farmyard manure. 

Box System. — Dig the floor of the ordinary cattle 
shed about 3 to 3J feet deep. Plaster the bottom and 
sides with clay and sprinkle a httle ashes and spread a 
thin layer of whatever httec may be available. The 
manger for holding the straw and other fodder will be 
in front of the cattle. For a pair of cattle the shed 
may be about 7 feet broad ;i,Lid abaat 10 feet long. 
When more than a piiiir havu lo be hoiiBed a long shed 
of the above width may be used, allowing at the rate of 
about 10 feet of shed for each pair. It may be found 
convenient to separate the lot of each pair by two oc 
more bamboos pnt aorosa the lahed. .Bvery morning, 
after the cattle have gone out to work, the cattle atten- 
dant enters the shed, covers it with the dry part of the 
bedding and spreads about S or 6 lbs. of more bedding 
for efwh pair of cattle. That part of the bedding which 



18 wet with nnne may be spread likewiee, before u&ing- 
the fresh bedding of the day. In the rainy weather 
somewhat more bedding will be necessary, espeoiallj 
when tha roof happena to be leaky. The mannn will 
go on acoomulating and the box will get full in aboat 
six or eight months according to the size ot the cattle 
and the amount of litter used. When the bos ia fall, 
the fi'eah aooamnlatioa at the eaifaoe may first be 
removed and the rest of the manure duj^ out uml carted 
to the held for immedjate nae. The manore thas madS' 
will be moist, well rotted and uf a rich brown colour. 
In the comers and those parts of the shed where the 
cattle do not ti-ead much, the manure may be dry, 
mooldy and very hot. A little care on the part of the 
cattle attendant while sprinkling the wetted straw in the 
mornings, and his treading these parts down with his 
foot, will leasen this mouldiness considerably. The 
unrotted top portion may be put back into the box to 
be taken oat with the next removal of the manure. The 
hox system of housing cattle is now frequently adopted 
by the most enterprising farmers of Europe and America 
for fattening as well . as for working catUe, one o£ th& 
objects being to make ae large a quantity of well-rotted 
manure as possible : for one thing well known by the 
western farmere and practised by them is that if they 
want a large qoaatity of manure they must mak« it ; and 
they ran if they like. The box system has been ander 
trial at the College Farm in Saidapet (Madras) for the last 
22 years, and at Cawnpore and other experimental farms 
for some years. ■ The cattle have been found to keep 
perfectly healthy like those in other sheds, and the objec- 
tion raised against it by those who have not tried it, as 
affecting the feet and health of cattle, is against all experi- 
ence in India and other ooantries. By this means aboat 
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12,000 11m. or 150 maands of ricli mannve oan ba mado 
from every paie of working cattle." 

A mode of conaetving cattl« manure that coats tbe far- 
mer Uttle money and scarcely an; labour has been proved 
of the greatest nine by the praetioal pxperimenta of Dt- 
Schnfliflftwind of Halle. It ia simplicity itself. When 
carting away the matured farmyard manure, a part 
should be left behind and spread in the manure pit about 
8 inchee deep, the fresh manure is placed on top of thu> 
and ifeufficient of the old manure is left as the pit is filling, 
one or two layeru of it mast be plac d upon the fresh 
dung and Utter that finds its way into the heap. The 
xesnlta howevei are of great pnotical impottanoe, for 
they sare a deal of manure and the nitrogenoua contents 
o£ [he portion left. There is always a loss in weight a» 
the manure mattfres and a 1cm in plant food if it iB not 
well conserved. Both these are saved, to a great extent, 
as the experiments show. In two well lined pits 
manore was gathered. In the one, fresh manure alone 
was plaoed ; in Uie other, layers of old mainnie were 
added to the fresh. At the end of thiee months the 
losnlts were : — 

A. — OBDI^ABT FRBSH MANUBBS : 

In Eilogxamm'es Quantity Dry snbstanoe. Nitrogen 



B. - CONBBKVJID WITH OLIfHANUBB Dt LAZBB8. 

In Kilogrammes. Quantity liry aabstanae Nitrogen. 



At first 802- S 

After thi-ee months 446' 0 
Loss ' ... 347' S 
Loss per eent ... 4a'30 



ai2'S4 

112-39 
98-95 
4707 



4'623 

S-221 
1-401 
80- 81 



Total 



Upper layer ... 
Lower ^yer ... 



802-5 
150-0 
952-6 



212-34 
37-66 
249-99 



4-622 
, 0-708 
6-880 



In KilogEammsB. Qaantity Dry Babstaiiee Niixogen. 
After three montbs 

"Upper IftyM ... 430" 0 123-41 S-827 

Lower layer ... 140" 0 24-64 - 0-720 

Total ... 670' 0 14805 4-647 

LoBB ... 362- 6 101-94 0 783 

IiOBS per oent. ... 47 66 48-66 16- 94 

So that (he Nitrogen lost was only 16'94 per cent 
against 30'31 in the manure notoonserred by the aimple 
process mentioned above. 

It boa been calculated that the loss to the farmers 
in Genuaay arising from neglect of the mannre heap, 
and especially from careleesness in conserving the urine 
of cattle, amoanta annaally to Be 270,000,000. 

But notwithstanding all the care and attention bes- 
towed on the manure heap we cannot find even in Europe 
and America a sufficiency ot this naturaJ feriihzer, 
though, owing to the stall-ieeding and stabling of cattle. 
B great deal more of much richer manure is manufactured 
on the spot. In India, as every farmer knows, even tha 
-very amt^l portion of land under irrigation cannot receive 
manure enough from the cattle, aud if agricqilture is bo 
revive in India, recourse will have to be taken to other 
means of which there aro a great many. 

Already, around the larger towns of the Deccan, 
immense quantities of human excreta, formerly removed 
at a greatcoat to the municipaJitiee, who paid contractors 
for the work, are now employed as a fertilizer for, sugar- 
cane. It analyses : — 

Nitrogen Fhoephorio Potash 
ftoid. 

Fie8h,BcdidandIjiqaid, -85 -26 21 percent 

Removed .fnnn pita. ' '87 '16 'IB n 
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Municipalitias generally set the excreta in tranohM 
covered with eaibh and when it dries it ia carted vmj 

to the fields. 

Ia the Gontonmest of Pooua. pits of convenient 
length and width are dug, sometimes five feet deep. 
Into these pits the night soil and dry putrecize ^ earth are 
put in alternate layers and eijii;il proportions. A capital 
manure reaults, hut it is not ready for several months. 
It is not of course BO coaoentrated a manure as poudrette 
made in the ordinary Poona way. Pondrette is recog- 
nized as an active and powerful manure for al! irrigated 
crops in which a rapid and luxuriant growth is deBiraMe. 
It is very suitable for sugar-oane, vegetable and all fodder, 
orops. It is too forcing for grain cropa and fruit trees. 
The plant is Btimulated into active growth at the expense 
of fruit or grain. 

Poodrette is seldom applied except where irrigation 
is practised.' It is used at the rate of 15 loads per acre, 
up to as much as 18 loads per acre, for sugac-caae. 

Dr. Leather's analyasB fibow that Poona poodrette 
contains about 1 per cent, of nitrogen, and generally a 
slightly higher percentage of phosphoric acid. The 
percentages of these ii^edients vary with the percent- 
age of moisture. The sugar-cane growers around 
Poona have made great usd of it, with resultant gdbd 
crops, and the munioipahty have increased their income, 
proving again that dirt is a good thing in the wrong 
place when it is about the Burrouadings of villages 
and towns, and in the right place when ploughed into 
the fields. 

There are not many fieldB in India so convenient- 
ly situated sa to obtain any large quantity of humaa 
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excreta for msQure, but the usefulness of the Blth o! 
cities and its monetary value might be brought home not 
only to monioipal towas, but to every village in the 
country. The question of' caste will not intetfere, as is 
well bnown round Poona, Ahmedangar, ModiH and 
oth^r Indian cities. 

Though not in such enormoas qaan^ties, blood can 
beottfticed, dried in ehallow pans, and 9lored agftinet 
the time it is needed as a fertihKer. Blood meat 
analyseB : — 

Nitrogen. FhosphoHo aoid. Potash, 
ll-a 1-2 0'7 

showing how rich it is in nitrog<jn, the chipf and moat 
costly plant food. Compared with cattle manure it 
contains neadj SG times as much nitrogen, so that a 
little over 2 lb. would contain as much nitrogea as one 
Bengal maund of cattle dung. It is also more active 
and ol immense benefit to all cereals. 

HomioeaJ is more "ditticult to obtain, but contains 
per cent, of nit."ogen and 5 5 of phosphoric acid. 

The potash can always be supplied by mixing aahes or 

potaah salta. 

We see that bt^sideii the e:icrtita of cattle there are 
other portio&H that can be used for mannres when the 
cattle die, and one of the motft important is bonemeal, 
BO little OBderstood throughout the country. 

Wh^I aakafarmer why he puts the Itiaves of trees 
into the soil to manure his poddy helds he says his father 
did it before him and everyone does it now, and it ia 
Boffioient to find good results following. He is quite 
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light. Bat someone must have started osirg Iwras w 
manure, and others began to benefit by it. PormBly 
people travelled in bullock carts. After the railway wa» 
mode this was found an easier and gnicker way o£ getting 
aboat. When the tramway was about to ha introduoed 
into Bombay, it is said no one would buy aharee in the 
company.astheywerecertainit would beafailuie. The 
AmerioanB whotookshares knew better and it is a great 
BooceBB. First see if a thing is reasonable, wait, if you 
wish it, till you can gain by the experience of others, bat 
then use what brings a benefit with it. To act otherwise 
wonld be foolish. The olever farmer who takes advan- 
tage oE the manuring he learns from the West, will 
prosper ; the. over-conservative must be left behind in the 
race. Hae bone been tried? Yes, not only in Europe and 
America and Afri'caand Aastratia, batalso herein India, 
and always with splendid results. In Ceylon no native 
farmer thinks of manuring without bonemeal; bat India. 
Benda one lakh of tons of bonea annually to G-ermaay, 
enough to fertilize with phosphoric acid 20 lakhsof acreB. 
Is it not reasonable to use bones? The farmer asee leavaa 
to put back in small c^uantities what treea havi^ taken 
from the soil. Now animals feed on what the soil 
produces, and, to form bone, lime and phosphdrio add 
obtained froia the plants are required, for bone is prinoi- 
pally phosphate of lime witlia cdrtain amount of oitrogen- 
ooB matter, which keeps the bones from becoming too 
brittle, and is also a subsUmce of the greatest importance 
in manuring. This firmest and strongest part of the 
animal hoe been collected from the soil and goes bookin 
the shape of bonemeal. Why will not ordinary bonss 
do as manure? Becaust the outside of the bone iscovered 
with a hard casii^ of enamel which keeps oat the water, 
and watw is required to deoompoee it and reduce it to 
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the DitEOgSDi lime, uid pho3phori<5 acid, which fEOm its 
component parts. The bone is cruahed. in » mill into 
very fine pieces, the soft parte are exposed in every 
direction to damp and heat, the bone decompoaea, and 
food is placed ready for conBumption by the plants. 

There may be a difficulty in obtaining finelyground 
bonemeal. In such oaaea faumers are advised to have 

the larger bones broken into smaller pieces, and then, 
having dug a hole, say 6 ft. by 4f[. by 4ft., strew thebot- 
tomwithiinches of earth, cover this withS inches depth 
ci nnslaked lime, followed by 4 inches of bone, and repeat 

this till the pit is filled, taking cai'e, however, to place a 
few poles in the pit, so thai when it is filled, they may 
be pulled up, and water poured in may find its way to 
the quick lime. In three months the bone will be 
powdered and the earth from the pit, with ashes, will 
make an excellent manure. This was tried succesefally 
^ on the Demonstration Farm in the Jiioagadh Htatc. 

For all root crops, for the grains of cereals, for seeds 
of all sorts, and for ftraitR, the phosphoric acid contained 
in bones will be found of the greatest value. Bone 
contains about 4 per cent, nitrogen and about 23 per 
cent, phosphoric acid. 

In combination with saltpetre, in the proportion of 

S m?.undB i;f bonemeal and 80 aeeri? of saltpetre per acre, 
it produced the most astounding results on. the Burdwan 
Government Farm. The following table speaks for 
itself and may possibly influence others to make a trial 
with the fertilizers mentioned, at least if cattlf? manure 
is not procurable, whilst others may try the different ma- 
nures ude by side for comparison. 
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Avefage of 12 years ending 1903. 



Natnieand quantity 
ol manure per aaie. 


Outtam 
per acre. 


COBtof 

manure 
per aore. 


Profit 

per .acre. 


Oowdung (100 inda.) 

TTnmanurod 
Castor Cake (6 rods.) 
ISonemeal mds.) 
BonemeaL (6 mda.) 
Bonemcal (8 mds.) \ 
Saltpetre (80 seers.) 'i 


Q-rain Straw 
lb. lb. 
8556 4479 

1374 2174 
3123 4628 
3663 5124 
3962 5509 

4389 6178 


Ba. A. 
4 6 


Hb. a. 

86 8 

16 7 

50 5 
80 15 
64 10 

105 0 


12 OJ 

5 8 
11 0 

9 4 



Here we see the difference between manured and un- 
manured land and the immenBe. profit ffom a combi- 
nation of two desbi fertilizers. And yet bonemeal is so 
little naed. The German farmers, perhaps the best in 
the world, know a good thing when they see it, as do 
also Gtennan traders, with the rosnlt that about a lakh of 
tons of bonemeal find their way to G-ei-maoy, year after 
year, while the general complaint of ourr people is that 
they have not maQUcee enough for the laud. In these 
experimentSt carried out by a Native member of the 
Dupaiiment of Agriculture, itis evidentthatintheabaence 
o£ cowdung, excellent cropGc;in bv. obtai!ie(l by the use of 
other ferbihzeiB, more concentrated iiod consequently 
more effeotiTe with so early ripening a orop as paddy. 

The trade in saltpetre foi^'manurial purposes ia cer- 
tainly not what it should be. Ita development in the 
Panjab, United Provincea and Bengal would have the 
most astontlding effect upon the wheat crop if bone were 
xiBQd vriih it. 
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ln'9 maondB of bonemeal we End 

Nitrogen. Phoaphocie acid. Potash 

10 lb. 66 lb. — 

In 80 leeiB saltpetre 6 .. — 36 lb. 

For wheat a differeut cambination of the same 
mantties wotild be required. Pot tfaoae who do not like 

to use bone, other pliottpbatrc lun^niireat aoch as Saaio 
Slag and Saperphosphates are available. 

Amongst the most mostly l)iit quickly acting ferti- 
lizeia are Nitrate of Soda or Chili saltpetre containiDg 
IS'6 per cent. Nitrogen, Sulphate of Ammonia with 
20"5 per cent. Nitrogen and the lately uumnfacttired 
Lime-Mttrogen ; but they are not complete mannreB, as 
they contain practically no phosphoric acid or potash. 

A great number of leaves are ased in the Madras 
Presidency as well as other parte of India, not merely as 
well'iotted leaf moold, bnt also fresh from the trees. 

Tobaooo stains also eerve as a fertilizer ; but the 
qoantity xegnired is more or less guess work owing to the 
abflanoe U any knowledge of the analyaee of the manures 
or of that of the crop to be produced. 

Wh^n we find that the costliest manure constituent, 
,tfae Nitrogen, oan be obtained from the air, it appears to 
be the cheapest and easiest way to enrich the soil, by 
growing certain crops in whose ruola bacteria settle and 
nonriah themselves and the crops by drawing their 
nitrogenous food supply from the air, provided that 
potash and phosphoric acid are. in snffioient guanttties in 
the soil. 

Theseftants when deep rooted aerate the soil and 
jtfn tfaa Wfiex to percolate right through the snb-snl. 
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ihejr shade the land and thaa keep dowa weeds! voA, 

even vrhen they ure ceiuOTed from the acre a,s a harvest, 
leave behind them large supplies oi nitrogen in the. 
nodnles fonaed hy the baotena on theit looia. "When 
ploughed in they serve to improve the texture of the soil, 
ae cattle mannfe does, and large qnantitiei of nitrogen, 
phosphoric acid and potash become available to the buo- 
oeediag crop. Sandy soils become firmer and receive mote 
humus, a.nd heavy clay soils are aerated and rendered 
leas cold and adhesive. 

Green manuring is not unknown in India, and beans, 
paas, etc. are frequently grown and ploughed into the 
soil when the dowering season begins. They cetiainly 
enrich the soil because they take their nitrogen from 
the air by means of the bacteria in the nodules formed 
on the roots ; but, till complece decomposition takee place, 
they return very slowly to the soil the phosphoric acid 
and potash iabsa from it to build the body of the plants. 
To render these of far greater use, phosphoric acid and 
potash should be used to manure them, the soil will 
improve, the crop will be £ar more abundant, and a far 
greater amount of nitrogen will be plooed at the disposal 
of the dext crop when the green manure is p!o;ighe d in. 
An objection to green manuring may be raised owing to 
the amount of acids placed in the soil with the rotting 
leaves. This is avoided by rotting the green manure in 
pits .and by the oae of lime on the field when ploughing 
in the crop. 

Nowadays it is not sufficient to aiadj merely the 
effects of the manures. Competition is so great that a 
farmer who wishes to prosper must also learn the action 
of soil bacteria in the preparation of plant food. These 



play so impottant a pai't in Agricultare that chemical 
analyeis is considerably out in gauging the fertility of 
.BoilB, and the reports arrived at by purely chemioal 
methods give vety imperfect and nnrelisble results. 
Besides the fertility of the soil as evidenced by chemistry 
we must take into con si deration the intlnonce of bacteria 
and the action of the plant roots themselves in search of 
their food, of which very Little is nnderBtood at present. 
Bnt these are subjects that require much deeper study. 
They are only referred to in oi-der to ahow how the 
manure becomes more or less valuable by their action in 
the coarse of the decomposition of mannrial matter. The 
bacteria (infinitesimally small forms of vegetable life)^ 
that cause nitrification in the course of decompoBitioo, 
change the nitrogen contained in the cattle mannre into 
the nitrogen in its saltpetre conabiQation ; but while so 
prepared and ready as plant food it is reduced by other 
destractive bacteria into the free nitrogen that finds its 
way into the air and is lost to the manure heap. To 
check the action of these latter bacteria it has been 
ascertained that moisture and the exclusion of air are 
very useful and it is on this account so much stress is 
laid, when treating of the mannre pit, to pour on to it 
the urine and press the heap well down and keep it 
covered. 

Wagner's experiments show that the nitrogen in 

the dttng works very slowly whilst that in the urine 
shows immediate effects. This can easily be understood 
when it is borne in mind that the dung contains nitrogen 
which was not extracted either in the process of digestion 
or decomposition going on within the animal's body, 
whilst the urine contains nitrogen that is obtained from 
this changed material of the animal's body, which. 
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decomposes rapidly, and quickly formB compounds of 
ammonia and saltpetre. In « very short time urine 
expoBed to the air ferments, producing at the same timo 
ammonia. 

At the Grerman Experimental Ktation (A Hostock b> 
number of experiments were undertaken in snooeBsiTe 
yean to show the rapid action of vaciniis forms of farm- 
yard manure as compared with Chilisaltpetre or Nitrate 
of ^oda, one of the (quickest acting nitrogenous manures. 
The following fignren sluiw the resalta in tub experi- 
mentB : — 

Straw and Corn. 

1. Withuat Manure lO'O0rammti&. 

2. Standard Manure (Potnah and Phos- 

phoric acid only) 10*4 „ 

3. „ „ plus 0 4 grammes 

of Nitrogen in 
Chilisaltpetre 67-1 

4. „ „ plus 0*4 grs. in 

Cattle Urine S2'l „ 
6. . „ „ plus 0'4 grs. in 

■ Cattle Dung 12-6 „ 

6. „ „ plus 0'4 grs. in 

Horee Urine 00*9 

7. „ „ pliui 0*4 grs. in 

Horee Dung 12'7 „ 

8. „ „ plus 0'4 grs. in 

Groundnut cake 48'7 „ 

9. „ plus 0 4 grs. in 

G-reen majiure 
with Lupioes 92*2 



'V^thoat further manuring the same experimeata 
were continued next year, but the result from the dung 
which should have decomposed by this time, showed 
scarcely any better results. The above experimente 
were made with oats, and many praotioal farmers 
objected to it. as they said the value of dang could not 
be ascertained with auch a crop. Trials were then 
made with barley, and the Average cetaens read as 
follows : — 



Crop. Croi>, Crop. 



1. 


Without manure 71 gr. 


90 


gr. 


66 




2. 


Manure without Kitrogen 101 ,, 


7-8 




8-4 


11 








allowing 


per 


PI 


tub 








Grammes Nitrogen '4 


-8 




12 




3. 


No 


1. 2 plus 


Chili saltpetre 34;!2 gr. 


.52-1 , 




62-3 




i. 






Cattle Urine „ 


491 




.501 


II 


5. 


ft 


IT 


„ Dang 9-(i „ 


10-4 


II 


18-3 


II 


ti. 


jt 


II 


Horse Urine 37-2 „ 


.52-7 


IP 


53-5 


tt 


7. 


1, 


I« 


„ Dung 1-2-0 „ 


16-. '5 


1' 


14o 


1 ! 


8. 




II 


Sheep Urine 3U-7 ,, 


47-7 


tl 


6&8 


11 


9. 


II 


II 


„ Dung 5 2 „ 


til 


PI 


16-8 


PI 


10. 


,1 


f I 


Rye Straw lO'l „ 


4-8 


■ 1 


2-7 


PI 


11. 


II 


II 


Cattle Manure 
i.e., Dung Urine 
















and Straw 2?-l „ 


81-8 


II 


48-2 


II 


16. 


II 


II 


Leaves from the 
















beech 6'1 „ 


40 


IP 


8-2 


fl 


20. 


■ 1 


ft 


Uieen Manure 
















Lupines 19'4 ,, 


29-0 


If 


38-2 


IP 



Here -we see that the dung waB scarcely effective at 
all, the straw was po&itively harmful, the fallen leaves 
about the same, but the urine was almost as effective as 
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Ohilisaltpetire. The cause of the ill-effect of the leaves 
as a nitrogenoaa mantire is explained by Statzer, He 
found bacteria that fed upon the carbon combitkatious in 
the leaveB and at the same time were nitrogen con- 
suiaerB. Oxtia, horses, »,ni\ sheep consiune straw and 
the remains of it ace found in the dung. The saltpetre 
in the duug is changed and disappears rapidly and 
this oan he proved by placing in horse dung a emaU 
percentage ol saltpetre. By chemical re-agents it 
will be shown that, in the oomse of a few days, 
the saltpetre oontents ' diminish and in about 
a week's time disappear altogether. That these bacteria 
depuivn the plants oi' tht; nitrogenous food is apparent 
from the following table comparing the resaits of 
manuring with nitrogenonij fertilizers and the excreta of 
cattle and of men and carnivorouB animals — 





Tubs Harvest. 


2nd 
series. 


3rd 
series. 


1. 


Without Manure SS-d 




84-9 


gr- 


26-3 gr. 


a. 


Phosphoric acid and Po- 














tash but no Nitrogen '^S'o 


11 




tt 


„ 




Plus Nitrogfcn 0-58 


3» 




It 


1-5 


'd. 


No. a plus 


Chiliaaltpetre 74*7 


rr 


B8-8 


■ * 


71-7 „ 


4. 


tl 




Ox Urine 70-2 




ft-2-4 


rt 


76-1 


5. 




f* 


,, Dung -ll'ii 


11 


44'9 


If 


56-5 „ 


tl. 






Horse Urine 7fi'6 


tl 




It 


79 0 „ 


7. 


II 


tl 


„ Dung 16-3 


tl 


10-4 


v> 


8-8 „ 


S. 


H 


■ 1 


Human Urine 74'7 


II 




■ ! 


fe2-7 


y. 


ft 


ti 


Hnman Dung 6y6, 


>* 






80-9 „ 


10. 


!• 


It 


Dong of Oarnivoroua 














animals (a) i32'7 


»4 


66-0 


«p 


621 .. 


11. 


II 


>i 


„ (b) 50-0 


>t 


(56-7 


tt 


74-2 „ 


12. 


It 


H 


Stable Manure 00-5 


tT 


76-7 


it 


.79-8 „ 


18. 


w 


11 


Straw 8-0 


It 


4-S 




>-8 
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These tables are hot piodaced to condemn the use of 
cattle dnng, or straw mixed with it, or to point ont the 
excellent effects of human escreta &b nitrogenomi manure, 
bat to show how little effective is the dnng of cattle when 
ttsed alone, and to brinf; hoioe to the peasant that heaps 
of ill-prepaied cattle manin'e may hfi of very little uso 
though it is as troubtesome to keep, to cart, and to 
spread on the fields, whilst the Ebddition of the ni-ine is 
exceedingly beneficial. 

Bnt that dnng haa a lasting effect apon the soil is 
evidenced by au experiment at Itothamsted. 

The anmaniirfcd uni! which produced 3,450 flw of 
barely per acre for 20 years gave a hiirvest of l.TiSG lbs. 
during the next live years ;md this avt;rage wa.o gradually 
lowered to 1,300 lbs. in thet (]uinquennial period ending 
with the year 1905. 

At the same time land maiU jred with dung produced 
6,930 lbs. dui'iug the first 20 years, and then, though no 
further manure was used, pLoduued an average of 4,732 
lbs. during the next five years, which gradually fell to 
2,460 Ibe. in the period ending 190r>. 

Where dung was used every year the first ten years 
showed an average of 5,930 5bs., rose to fi,838 lbs. in the 
next qninquinnial period, and in the final period produced 

e,2ii0 Iby. 

A study of the action oi bacteria is most important 
to save a Idb& q( the most costly ooastitnent of stable 
manure, viz., the nitrogen. The straw contained in the 
stable manure, the dead leaves and the rubbish cast into 
the heap, alt have not only an excellent physiool effect 
on- the soil but have also their chemical value, provided 
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means aro taken to prey<!nt the waste in oegonio Bab- 
Btaiice, and in plant foods, that resultB from caralessnesB 
in the manageuitiat of the manure heap. Holdefleiss, the 
gretA (Jennaa nathority on cattle manure, atatea thftt hf 
the ordinary treatment of Rtable mamn'R in Europe, 37 
ibs. nitrogtm are lost for every head of o&Uleper annum^ 
which would mean a loss, from 100 head, of not leas than 
a wagOQ load, or about 11 tons of ChiliBaltpetre. Aa 
mentioned herore, thia can be avoided, to a very great 
extent, by having u water-bight Hoorl'ur the manure heap 
and pressing the dnng well, down to prevent the aution of 
those oiganiems that require the air for their existenoie 
and depirive the maauro of its nitrogen, and to ehoourage 
the work of such as do not require air to Uve on, cause 
fermentation, and help decompositon and the production 
of nitrogen in a foma easily available for plants. Tide can 
be done by pressing down the heap and pouring upon it 
the liquid exci'ements, so that the intersticeB through 
which the ait might pass become filled up. 

Nitrate of Soda and Nitrnt«i of Potash, all oil cakes, 
bonemeal and superphospates together with potash 
salts, can be {ground very fine and spread either singly or 
mixed. The even ditjtribution of M fertilizers in of im- 
portance BO that one poution of the field may not have too 
much and the other perhaps too little [ilant food, and fine 
grinduig helps rapid deuompositiun and therefore places 
the plant-foods <]uickly at the disposal of the plants. 

It must be home in mind that plants take up their 
foodstuffs in the liquid state and they have the power to 
make a Belection, to a certain extent, according to their 
wants ; though the auperabundance of one mineral in the 
.«oil or the manure roay reeylt in mpre of that Bpecial 
mineral being taken up by the plant. The aoids, suoh as 
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phosphoric, nitric, and sulphuric, taken up by plants, 
in the form of aaits, are found frequently in combination 
at times mote with lime or potash or other bases, axii, as. 
the adds ate principally required by the plants, the salta 
are tl^eo up to invigorate the plants, leaviuf? larger 
qnaotitiee of miaerala which are found in the aehes. Que 
and the same plant will have a different percentage o£ 
minerals acoordin{> as it is grown in different aoils. 

Lime Potash 

ThuR Braasioa Napna shows on Lime aoii 48*60 12*84 

on Clay 19-48 25*42 

Trifoliam Pratezise shows on Liine 4S'32 9'60 

on Ctay 29*72 27*20 

We sec the same with sugai cajie when grown with 
manures containing much chloride of sodium, or in soils 
saturated with oommon salt. Such quantities of salt are 
taken up by the plant that, though it apparently thrives 
and fattens, the end for which it is grown is not attained, 
the sugar resulting from the crushing being eo very little. 
It is wonderful what power the roots of a plant have to 
dissolve the hardest substance, for even marble gets cor- 
roded by them, but they absorb the food most handy, 
often taking one mineral more easily attainable than 
another. It should therefore be the aim of the farmer to 
place at the disposal of the plant aU the food it retpirea 
in an easil; soluble condition. 

If, for instance, we place a big bone at the roots of a> 
plant, the oily matter and the enamel prevent the entcance 
of water to cause decomposition ; but if the same bone is 
dried and powdered, it is dividiid into so many parts that 
the softer portions are exposed on ail sides and decomposi- 
tion takes place far more rapidly. . 
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The same oai'e elioald be taken when oil oakes are 

used as fretilizera. The finer they are crushed and the 
more evenly they are scattered , the Boouer will deoouiposi- 
fcioQ take place and allow the plants to gather the liqotd 
food they require. The pity of it ie that so iiaach oil cake 
produced in the country is forwarded to Europe to feed 
the cattle there, whilst the cows and oxen in India are 
left to be aatisfied with dry unpalatable giasB of little 
nutritious worth. The oil pressed oat of the seed may be 
exported and will fetch money. It takes practically noth- 
ing of any iinportarDce from the soil, but the teEndoe, the 
cake, contains the fertitizinfi elements of the soil, and 
should he returned to the land, either dried, or through the 
cattle,which will benefit immensely by the food, and return 
to the land whatever has not been appropriated in the 
formation of flesh and bone. "With the cry of Swadeshi 
ringing throughout the land, why wil 1 not the people teed 
their cattle with the produce of the soil, and fertiUze the 
land with the excreta of the oxen thna improved, instead 
of selling these by-products for a paltry sum and 
6eeing it shipped off to thoee in Europe, who know 
the full worth of thom and take care to obtain 
the very beat value by feeding their cattle and 
land at the same time. 

Bat heee we most note a most important law in 
Agriculture, viz., the law o£ Minima. Mtroi^en aione 
woald never produce a halm, a leaf, nr a grain, nor would 
any mannre or combination of manures unless every 
material necessary for building up the plant, such 
as phosphoric aoid, potash, iron, and a number of 
other minerals, is at ite dispoaition lor food. As a rule 
most Boils contain all these in abundanoe. In cultivated 
lands ,the greatest difficulty is found in sopplying four 
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viz.^ nitrogen, phosphoric acid, potoeh and lime, and we 
moat, in Bpeakin^^ ubout mauureB.reBtrictoiiraeWesprinci- 
pally to these and note their parbioulai' action. Kvbh in 
groBH we find all combined, for the cattle that feed apon 
it change it into their and hone, and chemical 

analyses of the animal iteetl ehow that the flesh contains 
nitrogen amoQgst other Bubstances ; the bone, phosphoric 
actdi nitrogen and lime ; and the hair, a great deal of 
potash. This is particularly the case with the woo! of 
sheep. Thedun^ and urine, as we have seen, also contain 
all these snbstances. If cattle are ted well, not luerelj 
on grass hut with a certain allowance of oil-cakea, the 
Earmet is aware that the aninaal improves wonderfully 
and he should learn that even the excreta or his oxen 
give him a far richer manure. 

Below will be found a list of fertilizetw ■which may 
be used on tJie farm, either alone or as a Buppiement to 
farmyard manure, take its place when it ie not to be had, 
or he added in varying i^uantities to suit the require- 
ments of variona eropw :~ 

Fertilizers used principally for their contents in 
nitrogen. 

Nitrogen. Phoajihoric Potash. 
Oicid. 



1. ChiliBaltpetre or 



yitcato of Boda 


i55 






2. Sulpbateof Ammonia '20'5 






8. Lime Nitrogen 


20'0 






4. Blood meal 


11-8 


1-2 


0-7 


fi. Castor cake 


5-0 


13 


1-0 


6. Coconat oake 


;-i-7 


■2-0 


1-S 


7.' Groundnut cake 


7-G 


15 


1-5 


8. Earanji cake 


. a-5 


1-6 


1-B 



U6 



Nitrogen. Fhosphorio Potash. 









acid. 




0. 




■2-li 


6-9 


0-8 


10, 


Snnftowcc ctikB 


.5-9 


2-1 


10 


11. 


Nig«r seed cake 


4-5 


■2-4 


1-0 


12. 


Cotton stied oaku 


2-6 


1-a 


2-4 


13. 


Qingelly coke 


5-9 


1-4 


3-2 


14. 


SttfBower cake 


r,-n 


I'O 




15. 


Neeiift cake 


i-i 






Iti. 


Tubaooo stems 


' S'O 


1-8 


(I-O 



ThuEK! usad puinoipally i'ot: their conteiite in phoBphocio 
acid : — 

Nitrogen. Phosyliorio Potash. 

17. BonesuperphosphatesO'S 20-0 O'l 

18. Coprolite „ about ... aOO 

19. Bone ash ... HSO 0;-l 

20. Biisi« Slag ... 17 5 

Others that comVylne niti'ogen and ghoaphoric acid : — 

Kiti'ogen. Phosphoric Potash. 

acid. 

21. Bone 4 0 2;J-0 

22. Peru Ga.-wio 12 0 O'O 2-C ^ 
2.3. Fish 8-0 e-1 

Manures used for the potsrsh they contain : 

24. Sulphate of potash 
^T). Muriate of potash 
2<i. Kainit 

27. Wood ashes ... " 1-6 

Manures containing niti-Dgen and potash ; — 

28. Nitrate of Potash or 

.Saltpetre ■ 18-5 ' ... 44-0 



60-0 

52-7 
12-8 
2-0 
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The excreta of birds and animale contain all the 
elements of plant food as do most of the oil cakes which 
h&ve been placed amongst the nitrogenous monoras : — 

Nitrogea. FhoBpfaorio Potash. 

acid. 

Cow dung 0-8 0'19 O'l 

Cow dung litter and urine 0*5 O'H 0'4 

29. Sheep ntanura 0*69 0*4 O'Td 

30. Poultry droppinga 

(part dried) S'lH 2-4 17 

31 Poudrotte I to 7 4 1 to 2-7 to 2-7 

Xjime can Bcarcely be considered a manure in itself 
though it is required in fairly large quantities by certain 
plants, but it jmprores the physical qualities of tht; soil 
as it mixes with the clay and serves to break it up 
and render it less compact. It is also asef al in depriving 
soils rich in hmuus of their free acids which are harmful 
to plant life. It also helps to free different plant foods 
and to farther nitrification. After green, manuring it is 
specially valaable. A. common saying is that Lime 
enriches the tather and impoverishes the soDi a saying 
which may be true where manuring is not resorted to. 

" liime employed without manure 
irakes both farm and farmer poor." 

Iiime is of gi»at value where laud hoe an acid ruactiun, 
due to fhc: presence of excess of decomposing orjranic 
matter yielding organic acids — a condition most noti- 
oeable on low wet lands. 

As to the value of Lime we have the following 
expresBion of opinion by Piiiil Wolff : — 

"In the use of cuLtaral means for farming at th& 
present time, there is a great divergence from th« practice 
not only ci former times but of only a few years ago. Our 
. fathers and grandfathers when they wanted to increaM 



"their xetnnis were restrictect to the uee of lime, mArl, 

gypenm, and later on at the very most Pemgiuiio uid 
Bone meal. Now-a days a far gieatet number of 
materials are at his diaptMal obtainable from the soil at 
home or abro&d, such as Staasfnrt Potash Salts, Chili- 
Baltpetre and Haw Phosphatee, as also the phosphorio 
vai that clings to iron and is removed from it as Basio 
Blag by artifioial meana. Many people, even the writers 
of Agriculturftl "Works, plsioe these first and mention lime 
last. How often do we read and hear that the ofaief plant- 
foods are Nitrogen, Phoaphorio Acid, and Potash, Great 
essays are span out on the subject and it is considered 
suflicieat to say just a few words about lime. This 
opinion that iime is a plant-food of little value has nn- 
fortnnately fonnd its way into practical agriotUtare and is 
spreading thert^ to the great loss of the farmer. Much 
has been said and written against this opinion bat 
■certainly not euoogh. In order to increase the harvest 
the question of liming the soil is at least as important as 
the qnestioD of Nifcjrogenous manuring with reference to 
ih,^ feibliisere mentioned above. Agriooitnre can be 
carried on, where the land is poor in lime, only where 
lime, in someform or other, is added. The great impoi^- 
ance of lime in Agriculture lies in its many-sided 
•e£Eecl«, of which the following may serve in a few words 
to refresh the memory : — 

To begin with, lime is a constituent of plant-food 
that cannot be repla.oed by any other, and ig as necessary 
«e Nitrogen, Phosphorio Acid and PcitaBh. It is import- 
ant to remember the basic property of lime to Deatndise 
sicide both in the field and in the meadow. Another very 
important power of lime is to render soluble many organic 
ftnd inorganic components of manures and soils, and thos 
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tu place these at the disposal of plants and hasten their 
growth. Hambeilesa examples ftom evex; day pxacttoe 
■how how the additios ol lime in BoiU poor in lime 
increases the retutDB. To take bat an example, — onsandy 

soil on a farm in Niederlaueitz the hafrest was 6g cwt. 
Sye on one hectare ol' land. It was coneidexed useleBa for 
cropB. However it was tried again after repeated treat- 
ment with marl, the manuring being aootinned, and thb 

result was a crop weighing 11 cwt. which wne increased to 
10 cwt. ; in other words 9^ cwt. more than was Oibtained 
formerly witboat lime. 

Fromchtiabove wecan see the importance of knowing 
whether a soil ia wanting in lime or not. Thiaoanbe 

done by means of the Soil Tester of Professor Paol Wolff, 
obtainable from Messrs. Paul Funke and Co. >io. 4, Chaus- 
Beestrasse, Berlin, complete with scales, bottles, acid, etc., 
for Bs. 15. The apparatus is practical and itsnsedmple 
and intelligible to all. 

The bottle on D. B. G. M. should be filled with 
water till it stands at the black ring marking O. Now 
weigh 10 g£. of air-dried earLh on exact scales and pour 
it into the bottle at the left so that none of the earth 
remains attached to the neok, iill the pear-ahaped bottle 
(receiveti with the apparatuR) with muriatic acid, and! 
from this pour it carefully, faeten the buttle and ^lake it 
till the acid mixes with the earth , Then connect it by the 
India rubber tube to the Sask <-onUining the measored 
topt and, if lime ia contaiaed in the portion of soil mixed 
with tbe acid, the water will riae over point O, and will 
rise by one-tenth per cent, showing the oontentsin lime. 
If the water reaches the line E on the tube it is certain 
the soil contains lime enough. In a few minotee a 
nombez of moh espertments can be competed. 
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A rough sketoh of the apparatus ig given below : — 




It mnet be noted, however, that, though we ardye 
at a. fail: estuoate as bo the necessity of liming, by means 
of Ihe above apparatus, different soils give their lime 
for plant food, not in the proportion of their contenta, 
but according to their texture. If % soil shows 0" 1 % 
of limti, it is risky to grow clover, pease, beans, 
etc. Where 0' 7S per cent, is discovered there is a 
Buffioiency of Hme for all plants. But the percentages 
between show the different action of lime on different 
soils. Clays containing 0' 5 per cent, lime will not grow 
plants that require much lime, whilst sandy BoiU contain- 
ing as little as 0' 15 per cent, and light loams with 0' 25 
per cent, show splendid growths of lime-conauiuing pianta, 
whilst at the same time moor soils containing 0' 18 to 
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0" 20, nead liming badly. When 2 per ceot. of the 
floi] ia lime, the limit of benefit to be derived from it is 
reached. Poverty in lime is maoh moce commoa than 
is believed. Of 1014 tests in Bavaria 304 showed that 
less than 0* '2 per cent, of liine was oontainetl in the soil 
and conseqaently that there was oot a Emfficienoy of lime. 

For tho5t', hiiwever, who cannot, get chemical 
' analyses, or the apparatus mentioned above, there are 
other ways ot ascertaining if the lime in their soils is 
enfficient. 

(1) The soil is poor in lime when the water issuing 

from it is ol a, brown GoSour as itit contained a deal of 
homiia, and shows in the sun all the colours of the rainbow, 
such as are seen when kerosine oil floats on the sorlaco 
of water, wid also the sid<^ of the drains show the yellowy- 
red colodir of iron combinations. 

(2) The Baiue may be judged when on the surface 
or in the snb-Boil grains or atrealcB of sand appear harden* 
ed by iron combinations. 

(A) In fact where iron combinations of any sort 
appear on the surface or sub-Boil, lime is wanting. 

(4^ When plants which ^cmu'iilly grow in sour 
soils make tlieir appearance, or the fodder grown is sour, 
though the land is not often sabmcrged, we can judge 
that lime is needed. 

To further teat the truth of one's conclnsiona a very 
simple chemioal experiment may be tried. Buy a little 
Muriatic acid and in stepping across the field pour a few 
drope on differeat spots. If a hissing sound is heard or 
the earth bnbbleB up, no liming is necessary ; if, however. 



the acid merely wets the earth without the sign of a 
babble, liming is le^uired and a trial aboald at l«ut ba 
made wiUi it. 

Another eoay way to determine tha ne«d for lime 
is to get a few pieoas of blue Ittmiu paper and place a 
piece in oontaot with the moist soil. If the soil is sonr 
the paper will turn red, and the degree of acidity will be 

deter^tined by the quickness with which it changes colour 
and the density of the rsdness. Lime also helps to keep 
off fungoid and insect peats. Clayey soils can stand more 
frequent and heaviei' appliciitions ot lime than soils of a 
lighter character, and lime tends to improve the condition 
of BOch heavy eoila. According to their character aoils 
of the lighter description are dressed with abont 2 tons 
an acre, while cold heavy soils will take about as much 
a& 12 tons per acre — snch applications being made at 
intervals of from 5 to 6 years. 

It is generally accepted, however, that fighter and 
more frequeat dressings are preferable to heavy dressings 
at considerable intervals. The best way of applying 
lime is to make small heaps on the surface at regular 
intervals and cover theae with earth. The moistoce in 
the earth soon causes the lime to slake, and when it 
reaches the powdery condition it should be spread evenly 
and harrowed in. 

In India, as a rule, most soils have a soffioient supply 

ol limB, and. even where it TH(iy be useful, basic slug or 
other fertilizere that contain the lime in combination with 
phosphoric acid, would ba far safer and more efleotive. 

Having given tlie analyses of some fertilizers, it may 
be osefnl to add the analyses of harvests, so that the 
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fanaer may learn what his cropB have taken from the boU 
and the minimum gnantity that ought to be retoroed in 

the shape of inB.DureB. 

It doea not follow that a manuring with the exact 
quantity of food-Btaffs token from the soil will be the best. 
Much of the nitrogen, as haa alcaady beea mentioned, is 
left in the drainage and a great deal of potash gerves as a 
carrier of nitrogen, whilst the action of phoaphonc acid 
ia so little nnderBtood that far larger gnantities are oonsi- 
derd necessary in practice for the perfection of many 
crops thttn the chemical analyses justify. 

As the table shows, different crops remove from the 
Boil different qoantities of plant-food, and the rtitrc^en, 
phosphoric acid, und potash are in varying proportions. 

Iiiedie'a practical manure tables give the following 
OQalyaes of medium crops per hectare, or 2^ acres, which 
woold probably be far above the average in lni3ia : — 

Nitrogen. Phoa. Potash. 
Acid. 

Crop lbs. Corn Straw Chaff 

1. Wheat 6.C00 8,800 090 187 lb. 75 lb. 99 lb. 

2. Oats „ 5,290 7,944 771 148 ,. 60 „ 167 „ 

3. Maise 9.91R 14,836 3,306 234 „ 110 „ SSO „ 

4. „ 
kadbi 

(green),, 110,200 209 11-5 „ 405 „ 
0. Potatoes 55,100 1b. Lubera 6,612 

lb. leaves 212 „ 97 339 „ 

6. Meadow gi-aas 13, '2-24 lb, hay 205 „ 55 „ 209 „ 

7. Tobooco S,967 lb. leaves 3,306 

lb. atiims 218 „ 55 ,. 256 

8. Glrapo Vines 139 „ 46 „ 150 „ 

9. Oniana 66,120 lb. 178 „ 90 „ 178 „ 
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According to the Queensland Agricultural Journal, 
the folIowiDg crops take from an acre the quntities o£ 
plant-foods mentioned in the table below : — 

Nitrogen. Fhoaphorio acid. Potash. 

Sagarcane ... 127 lb. M A. 208 lb. 

Eice ... 41 „ 26 ,. 68 „ 

Cotton ... 54 19 „ 40 „ 

Of plants that make an excellent green manuring a 
few analyses of harTeats may be given, so that farmera 
using such fertilizers may fully understand their value. 
According to Lieike, a medium crop per hectare, or 3^ 
acres, would remove : — 

Nitrogen. Phosphoric Potash, 
acid. 



Ijucerne 70,528 lb. green 


507 lb. 


114 


lb. 


320 lb. 


or 17,632 „ hay. 




4 






Xiupines 22,000 ,, green 


880 ., 


08 


rt 


95 „ 


or 5,500 „ hay, 










Horse beans 


454 „ 


114 


ft 


302 „ 


Pease 


27 i „ 


70 


tt 


128 „ 


Clover 


467 „ 


3SS 


It 


406 „ 



Most of the niti-ogen from the harvests above men- 
tioned was taken by the crop from the air, so that by an 
espcinditure of from 68 to 335 lb. of phosphoric acid and 
95 to 405 lb. of potash the gain in nitrogen was from 
276 to 607 lb. or the amount contained in 41 to 75 tons 
of dry Indian cattle dung ; and nearly all this is gathered 
from the air. 

By comparing the food stuffs taken from the soil in 
the'foregoing tables with what can be snpplied by cattl» 
10 
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manure, we arrive at not only the quantities repaired, but 
also at the difticuUy to Btipply these withoat wastii^ 
one food staff while supplying a atifiBcieiit qnantit; of 
another. .Take for mstaiice, 0iigaroB.ne : to bupply by 
cattle manure alone the great amonnt of potash reqtiired 
by the orop, enormous quantities would be required, and 
a great waste of nitrogen would result. 

With all leguminosae, to place at the disposal of the 
plants the requisite phosphoric odd and potash, stable 
mannre would cause a wot?fal waste of nitrogen, and 
probably be productive of more harm than good, for the 
bacteria at the rootlets, insteiid of then obtaining nitro- 
gen from the air, would be satis&ed with the nitrogen of 
the fertilizer. 

A great many Indian farmer 8 know from experience 
that cattle dung, far from being beneficial! to leguminosae, 
euch aa gioundnuts, is often prejudicia.!, almost always a 
waste. They may not know that the bacteria found 
in the nodules at the roots of the plant dra-w down 
the nitrogen from the air and thus feed themselves 
and the plant together, bat they do not see the necessity 
of using farmyard manure, and) in consequence, use no 
manure at all. But it should be remembered tha-t for 
every pound of nitrogen abeoibed by the ietjuminosae 
they ruquire about one pound ot potash and about a 
pound and a quarter of phosphoric acid, so that the 
common sayiag that these plants " leave the soil better 
than they found it" ia only correct when a salficiency 
of phosphoric acid and potash is added to the soil 
in the fmrm of fertilisers This wiU be oleotly under- 
stood when we apalyse a clover crop and see what 
it takes from the soil. Most of the nitrogen may 
come from the air, bnt the phoBj^hoiio aoid and potash 
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come from the soil, and when the crop is removed, the 
Boi'I IB poorer by jost that amount of phosphoric Mid snd 
potash. 

At Kothamsted the benefit to tUe soil of Idguminotis 
crops QOi ploaghed ia vsa tested by a oomparison of two 
plots, one aoder laaern«, the other ander wheat tor 
eighc years. The lucerne crop conlaiaed IS ttmeB as 
mnoh nitrogen as the wheat crop, yet the former plot 
contained in an acre of soil 534 lbs. more nitrogen than 
the latter plot at the end of the experiment. In other 
words the added nitrogen obtainedfrom the air wae equEil 
to A dressing of 30 cwt, ai nitrate of soda worth abont 
Bs. 290. 

One kind of manure contains a pdrticnlarly large 
supply of one kind of plant-food which it can supply. 
One manure may give large harveats on one field or with 
one crop to which it supplies jast the kind of plant-food 
that is misBing or most rerjuired, while it will fail to pro- 
duce on equally good crop on another field however maoh 
it may be appHed, For this and other reaaona the one- 
sided or special fertilizers ara not used much in countries 
in which agricultural chemists have not been at work. 
A3 a rule oQly such manures gnd favoor thure which 
supply al! the plant-foods wanting. We may therefore 
call these maouces complete manures to distiaguish them 
from the onensided or special fertilizers which supply prin- 
cipally one or. at most, two kinds of plant-food. These 
complete fertihzers we find in j^oreta from domestic 
animals. They, in their food, have obtained the principal 
plant-food ingredients, and these appear in what has been 
voided. But the plant-foods are present in very small 
qtianiitieB, and as crops vary in the amoonts of different 
manurial ingredients taken frcon the seal, it is often advis- 
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able, Bometimes necessary, to add to thiB natara,! manure 
varying quantities of artificial fertilizers, and where the 
natoral manuEe ia deficient, to supply ita place wholly 
by them. For this amail quantity of apeoial fectilizera 
fiupplies what happens to be dflfioimit in the general fer- 
tilizer, and, having a comparatively large p<;['centage of 
this one cobatttnent, ia equivalent to a large goantity of 
ihe general fertilizer with which it ia mixed. Thus one 
ponnd of bone meal containing 20 per cent, phospborio 
acid may be 50 times as valuable as a cattle luanuie oou- 
taining 0'4 per oent, of phosphoric acid, and one ponud of 
muriate of potash containing 57 per cent, added, may be 
equal to 285 pounds of manure containing in addition to 0'2 
per cent, of potash, 0 4 per cent, of phoaphorio acid and 0'6 
per cent, of nitrogen. If, however, the soil were equally 
deBcient in both these constituents and nitrogen as well, 
no amount of ashes or superphosphate would do 
much good 1^ themselves. It would require ashes and 
super pboephate, and perhaps poonac as well. In that 
case about 1 pound of bone lueal, two pounds of aahes (at 
5 per cent, potash) and 4 pounds of poonac would con- 
tain the plant-food found in 50 pounds of cattle manure 
having the composition given above. Therefore, even if 
all the constituents of plant-food supplied by cattle man- 
ure are deBcient in the soil, we may still replace or ail- 
ment cattle manure if we desire to do so. There are, of 
■coarse, other spewar manurpa to replace these, anch as 
SflJtpeire for potu-^h and panly for nitrogen, fish foe 
nitrogen and phosphoric acid, poonaos, bone meal, 
dried blood meal, and the various potash salts, nitrate of 
aoda, etc. 

It must he borne in mind that, according to Liebig, 
" the plant does not hve on single food ingredients, but on a 
nourishment composed of different food-stuffs and every 
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single coastitnent part of this aonriehment is •flsotirt 
only in the completed whole." 

According lo the Law of Minima, if one plant-food 
oonstituent is missing no crop will result, and where ona 
oooBt'taent ia fonnd in the soil or the manure or both 
conihinoil, in an inmiflicititit (luiintiliy, f he hiirv(>3t will fall 
in proportion ae that pai'tioulai coostitueat is wantiag, 
notwithstanding a auperabundauoe of all the other oon- 
stitoents. Suppose for iastauoe the soil aontains — 

Potash enough for 80 owts. of paddy 

Lime „ „ 50 „ 
Phosphoric Acid 25 r „ „ 
■ Nitcogen „ „ 16 

the harvest will be L5 cwt, of paddy, even if targe 
quantities of phosphoric and potaBsic m^nnres were 
added. Similarly if nitrogen were added in manure, 
BuSicient to produce 100 cwts., the crap would increase 
to only '25 cwt., and if the phosphoric acid Bupply were 
multiplied by four, the ainount of p&ddy obtained would 
not exceed ^0 owts. For the potash in the field would be 
enough for that amount only, and not one pound more 
could grow without an increase in the potash placed at 
the disposal of the plant. 

For a crop ol 10 tons of potatoes i^lie nitrogen taken 
from the soil is 85 lb., the phobphonc acid 39 lb. and the 
potash 186 lb. Now sappoaei ordinary farmyard manure 
were used on land I'evoid of ^ill plant-food thH amount 
required to supply the nitrogen at 0'5 pet cent, would 
be about 7} tons. This, however, at 0*4 per eent. 
would yield ottly 68 lb. of potash, and tihe result would be 
that instead of a crop of 10 tone the harvest wonld be 
only 5 tons, even if enormous quantities of nitrogen and 
phosphoric add were added to the manure. 
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* The plant will respond fuily. to a complete manurdr 
i.fl. to one that contains all the food constitnentsroqaiced 
by the crop insufficient qaantities ; or, in other wocda. 
if you require an exeelleDtcrop,vithont waste, yoamoBt 
haTe a fall, complete, and well balanced fetiliser. 

Frofeiisor Paul Wagner of Darmstadc hoe reported 

upon the increased harveHtisarieing from heavy manoring 
with pfaosphoric acid. Ttie experiments were carried 
oat aioce 1898, with the greatest care and esactoeBs. In 
1898 the harreet from the unmanni-ed plot; was Sj6 cwt. 
of com from rye, per hectare. The application of 0 cwt. 
of nitrate of aoda and 12 cwt. kainit produced no 
increase for the crop amounted to only 25*6 cwt. — 
practically the same as the aumannred plot. Aa soon, 
however, as 17 cwt. of iC> % basic stag was added to the 
nitrogen and potaah combination, the complete manure 
produced 51*8 cwt. of corn. Th? increase of no Iobb than 
26'2 cwt. of rye corn, with proportionate etraw, was 
obtained oy the addition of the slag, the constituent of 
plant-food necessary to complete the inauore, showing 
that the soil was sadl^ wanting in phosphoHo acid. 

Galcutate the titrate <jI iSoda ai uiacm, kaioit 
18 mazks and basic slag 32, total 100 marks. Against 
this we have 2(51 marks for 1'2'!) cwt. corn and 'i6'8 cwt. 
straw, bo that the complete manure produced a net 
profit of l&l marks. 

This is a moat important point to consider in farm- 
ing, for, as in all other business earned out in a proper 
manner, there should be no waste, and yet the best pos- 
Bible returns must be obtained at the least possible 
expense. One of the means of obtaining this end is to 
procure cattle dung containiug large quantities of nitro- 
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gen, or, better stiU, a fair amouot of phosphoEic add and 

potash as well as nitrogen. But this BeecQB absard, the 
peasant will say. How can we regulate what the cattle 
will vdd? It is not absnrd, and it is easy to ragnlate it. 
A canfnl feeding of the farm cattle not only improvea 
the animals in every way, but also gives a return ia 
excellent manure. If they are fed on hay and hay alone, 
what is voided containB the greater part o( what haa been 
consumed. Bat hay is poor in food constttuentB oC plants* 
and what is voided must be similarly poor. Bvery 
peasant knows that when a cow or ox is well fed it 
inoreaflBB in size and weight and strength, and most 
farmers give the animal a supply of oil cakes after a hard 
day's work. Bat few know that there isa goodretnTn in 
the dnng and orine. What happens? The animal con- 
Bumea various foods which are changed within it to pro- 
duce bone and flesh and muscle. The plants themselves 
on which it feeds have gathered their substuice from the 
dead earth and formed them into the enbstance of plant 
life. Plants take varying quantities of different foods 
from the soil . Sugar-cane is a greedy eater and demands 
la^e amoonls of nitorgen, phosphoric acid and potash to 
satisfy its hunger ; the groundnut, on the other hand, 
though it requires an application of phosphoric acid and 
potash, does not need a supply of ninch nitrogen, in the 
Boil, for it absorbs the nitrogen of the air by meana of the 
bacteria gathered in the nodules at (he zoota. All legu- 
minous plants fcieil in the same manner on nitrogen 
derived from the atmosphere direct. You can generally 
know these plants from the shape of the flowers, that are 
termed papillonaceoos, because they resemble batterfiiea. 
Now these plants give a supply of cheap nitrogen for 
the fattening and strengthening of cattle and they do 
more. 



:6p 

According to the experimeots of Henneberg a>nd 

Stohm&nn the quantity of excrement Toided by an ox 
2,200 Jb. in weight was — 

Freeb. Dry. 

pung 93 lb. 16 lb. 

Urme 40 „ - 2-2 

•when fodder was eODSumed that neither &Aded to nor 
caused any reduction in weight ; bat when concentrated 
foods were Tised tbe amount voided was ; — 

rresh. Dry. 

Dong HI lb. 17 lb. 

"Urine 70 „ 8 „ 

And the difiference in the nitrogenous contend 

With the former food " ... "48 pec cent. 
With concentrated food ... '79 „ . 

It is evident from tbe figures given above that both 

the quantity and the ■quality of the matter voided depend 
entirely on the food eupplied. 

What the animal eats aei'ves to produce animal 
substance such as flesh, bone, milk, hair, etc., or is used 
up in breathing and sweating, and, what is no longer 
required by the system is voided as dung or urine. 

Whatever is not digested prisBBB away as dung, while 

the urine is the proiluct of what hua lin n taken into the 
system, changed for the inu^t. p:Lrt, and la,ter on voided 
as useless. Extraordinary though it may appear to the 
peasant, not a particle of what is useful in the food 
ia lost, for what does not go to build up the body of the 
sjiimal IB returned in the excreta, especially the nitrogen 
and the aah components of the food. In breathing and 
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perspiriiig, cncbonic acid, and water are and, and theM 
ue of very little importance in manures. 

How much is returned to the land by the earefnl 
feeding of oatCle will be easily understood when it ii 
boene in mind that, though young growing cattle excrete 
only 80 per cent, of the nitrogen in their food, a milch 
cow will return 75 percent, in the dung and urine, and a 
fattening bollock about 96 per cent. - Of this the urine 
containe three tunes aa much nitrogen per cent m the 
wdid excrement. 

From this we can calculate the valnable materia 

gained in the manure when we know the analysis of the 
food consumed and iake into consideTation the animal 
substance gained. 

Poor feeding means poor cattle manure, poor cattle 
manure, starred fields, and stnrved fields, starved farmers. 
Fields that are badly manured can be vastly improved by 
attention paid to the feeding of cattle. 

Comparing the analysis of different mannrfis, we see 
that, thoi^ natural manuiee such as the excreta of 
wtimals and men and the composts made np of stable 
.manut'e and the waste products of a farm are excuedingly 
useful, both fonn their value a'i plaut-foodand the effecta 
they have upon the mechanical improvement of the tex- 
ture of the soil, there is, ah a rule, too little of it to ferti- 
lize even an infinitesimal poi-tion of the Gelda in India. 
We also know, in many oases, that crops requiring no 
supply of oiti-ogen in the soil, suoh as the legumiaosa, 
bat needing fair qoantitias of phoBphoricaoid andpotaah, 
cannot be brought to their fullest bearing by the use of 
cattle manure, aud its use would peob»Uy be a soriy 
waste. 
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If we eui obtain nitrogen free from the air it is to 
our aidvantage to do so. We accompliah this by grow- 
ing legnminouB crops and ploughing them in before 
they run to seed, so. that alL the nitrogen ooUeoted in the 
plant by the bacteria at the rootlets may be kept in tbe 
soil and prove a fruitful eoucce uf food for the next crop. 
This is called green maauning, and is always more 
saocesBful when phosphoric acid and potash are placed 
at the diepoBal of papilionaceous plaxits. It in therefore 
plain that such cropEs require some oianore different to 
cattle dung in order to arrive at their full development. 
In such cases a bag of bone meal or guperphoaphate and 
a hundredweight of potash salts would be of far more 
benefit than many tons of stable sweepings. 

Besides this, as the analyses show, stable manure' 
though a complete manure containing all the necessary 
foods required by plants is not aiwajrs a well balanced 
fertiliser. 

Borne crops require large quantities of nitrogen for 
their perfect development, others need more phosphoric 
acid, and others again more potash, while some can do 
withoat^ nitrogenous sopplies in the soil, bat most have 
phosphoric acid and potash to enable them to draw their^ 
nitrogen from the air. Here we see the value of many 
incomplete bat exceedingly useful fertilizers, snoh ai- 
supply one or more bat not all the cheif ingredients 
required Ity plants. 

We therefore divide manorea isto complete and, in- 
complete and in order to balance them well, i.e., to plaoe 
at the disposition of the plants the food they require for 
their perfect growth, we add one or more of these to the 
animal flxozatanaedf.ormixthemiBBiiohproporfeions at 
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to plaoe in (he soil theingiedieitto ibatue likely to xesalt 
in a bnmper harvest. 

In America, the hard-headed busineGa-Iike Yankees 
saw miles of eand in Plorida, apparastly of no eaithly uae 
for Agriculture. Good drainage waa there, whifsh the 
pine-applo needs, The food could be supplied by artifioial 
fertilizers, and the land was pitch«d upon for the purpose, 
with the result that oar-loads of excellent fruit, fresh and 
canned, are now sent out from thironce arid spot. The 
majority of soils in Florida on which oranges are grown 
are Largely sandy; in very many oaaea, indeed they are 
almost pore sand as deep down as one oau go. A 
chemical analysis of the soil of one good grove gave ninety- 
nine per cent, silica, or pure sand. Oranges grown on 
Buoh soil are. as the scientist would term them " sand 
cultures," and all the esseutial elements of plant-food must 
be added artificially. The experienced Florida orange 
grower is an expert in the use of commercial fertilizers. 
He will tell you to use a fertilizer composed o( three to 
four per oent. of nitrogen, five to six per cent, phoaphorio 
acid, and ten to twelve per cent, or more of potftsh. He 
can tell yoo all about the aolubiiity or insolubility of 
phoaphorio acid fertilizers, the necessity of using la.rge 
'quantities of pota.sb, etc. He recognises that excessive 
quantities of potash fertilizers tend to produce sweet 
fruits, and that exoessive quantitios of nitrogenous 
fertiliaeTB prodnoe a rapid, vigorous growth of the tree, 
and a puffy, Ponr fruit. In tlie Siime way the. very best 
tobacco is grown on soil so sandy aad devoid of plant-food 
that, withoat t&e aid of artificial fertilizers, nothing would 
thrive, and n the Malay Peninsula eien augar-dane, 
whioh every Indian knows requires a good soil'todheavy 
manuring, has been grown in almost pure sand,' the 
Ohinesa Tising the leftue of the indigo vats as a bed for 
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the Btools. Is none of these caaeB eotild cftttle manure 
te obtained in sufficient qnantitiea, and the crop of tobacco 
would certainly not have paid, not merely on account of 
the coBt of oattie manure, if it conld be obtained, bat 
from the lowering of the quality by its lue in quantities 
too great. 

The same bensfits c&n he derived in alt parte of India 
from the age of artificial fertilizers, and in many places, 
•specially where htrndreds of thousands of aores of reh 
land are to be found, noticing else will serve to obtain a 
crop of any sort. A few words on these fertilizers, which 
to many in India are absolately new and whose namea 
«ven are as strange as Chinese, may not be out of place 
here. 

Among the artificial fertilizers used principally for 
their nitrogen, the beat and costliest are nitrate of soda 
and sulphate of ammonia. 

Nitrate of Soda or Chilisaitpetra is a hydroscopic salt, 
i.e., it takes in the vapour from theatiiiosphete and must 
oonBequently be kept in a dry place or it will become so 
watery as to lose much of its nitrogen. When chemi- 
cally pure it contains 16'47 per cent, nitrogen, but, as a 
rule, what is sold in the market contains froni l.'j'5-5 to 
IS'dl per cant. This salt diasolvus eaiiily but is not long 
retuned by the soil, finding ids way very early downwards 
and thus being easily washed helnw the humus where it 
is lost to the roots of the plant. Gate must consequent- 
ly be token to spread it just when it is wanted, and it 
must not to be ploughed into the soil but must be oaed 
as a top-daessing only. As soon as the salt diseolves in 
water it is food ready for plants and is greedily absorbed. 
What is not taken up by the roots finds its way into the 
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snbsoil and thenoe iato the di^aimge. For all eereals it is 

an escellfliit manure, and very sma.ll quantitfes &Fe re- 
quired to produce bumper crops, provided the law of 
miniiaa is borne in mind and a snfficieiicy of available 
phosphoric acid and potash are in the soil or placed at 
the dispoeition of the plants by meana of feitilizerB. Tlie< 
salt 18 obtained in large beds on the ooaat of Chili and 
FexD, hot most be carefully purified chemically, as it 
contains many impurities, one a,t lea^st of which is deadly 
to plant life, from the Buport of the GhiliBaltpetre 
Oommission in Qermany, the following «traat is of 
impoituTioe : — " During the last few years more or less 
extensive harm was done in various ■ districts by fertili- 
zing with Ghilis^tpetre or Kitrate of Boda. Tn 1896 a 
number of cases were ^ubtished in which injnry waa 
done to the crops because too great a percentage of 
perchlorate remained in the fertilizer sold, and Dr. 
Maercker went farther into the question. Hainbnrg 
importers offered to give compensation if more tban f 
percent, perchlorate were found, but this did not suit 
the puxchiiBerB whose ovops might be mined, whilst they 
would have to be satisfied with about 8d. per cent, 
compensation. The commission finally appointed by im- 
porters and purchasers decided that no more than 1 per 
cent, of perchlorate as a maximum should be permitted 
in the sale of Ghiliaaltpetre as plants are sensitive in 
various degrees to its ill-effects. This guarantee should 
accompany every bag, Being a coarse-grained salt it 
can easily be adtilterated with common salt, Eainit (which - 
it resembles closely), Sulphcite of Magnesia, etc. 

One cannot be too careful to ascertaio the names of 
respectable dealers and have a guarantee of the purity of 
the article bought. It is very poisonous to animals and 
ahonld be kept very carefully out of thur reach. 
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The chemical nomenclature of Nitrate of Soda is 
generally written Na^NOs «nd its oontentB in Nitrogen 
■16'61 to 15'81 per cent. 

Ab far back as 188B we have comparative bxperi- 
me&ts that show the benefit of Nitrate of Soda when a 
auffioienf^ of potash and phosphorio add are in the soil. 

Corn Straw 

M Wobam withont manure 1 q i, , , , , . 

■ V . , S 9 bnabelB 14 cwt. 

the harvest was J 

By the application of 2^ owt. ) „^ 

Nitrate of Soda I " " 

With cereals an application of this fertilizer very 
often donbles the return, which can be still farther 
increased by completing the manure. 

The extent to which Nitrate of Soda is used in Agri- 
onltore and ita growth in popularity is evidenced by the 
following figures showing the exports from Chili : — 

In 1830 ... 800 tons were exported. 

1870 ... 136,287 

1890 ... 1,050,119 

1906 ... 1,707,476 

Though Sulphatt; ul Ammonia contains a greatei* 
^roentage of nitrogen it does not appear, when used 
alone, to place the nitrogenons ]*hinl-fQod bo qui[;kly at 
the disposition of the plant unless soda or potash be 
mixed with the fertiliser. It is obtainable on a large 
scale adding snlphurio acid to ^ water, which con- 
tains a deal of ammonia. "When horn, hiac, or coal is 
heated) the decomposing animal or vegetable matter 
gives oB nitrc^fen, and, as coal containaaboat 3 per cent. 
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of oitrogei), imtnansa quEiiitiities are got in the proceB<iof 
obtaining gas from coal. Chemically pare it contains 
21"2 par caat. nitrogen, but ths sulphite of fttnin-jniB 
of oommaroe contains, as a rule, about 30 per cent. As 
with Nitratft of Sor3a, one, must in?ist on a . gnaranteed 
analysis of parity, for it may poisibly contain irae 
snlphnric aoid and rhodan und oyanogsn oompoands.' 
The last two ate deadly poisons for plants, and the sul- 
phate of ammonia should hs entirely free from them. 
Like Nitrate of Soda this feirbilizer is of impartaacs in all 
Boils poor in nitrogen anl foe all crops th<tt require a 
large supph- of easily available nitrogen. It need not be 
ploogh'?.d in. To hirrow the field after spteadiag the 
fertilizer will be sulEoient, Aa Sulphate of Ammonia it 
cannot be assimilated by pknts. In warm weather, 
when there is a sufficient supply of lime in the soil it 
changes rapidly into nitrates and conseqaently acts 
nearly as quickly as Saltpetre in building up the leaves 
ftud body of the plants, so that, whenever it is found 
necessary to ensure a rapid development and increase of 
leaf and stem, Sulphate of Ammonia is used a ininure, 

In light soiU its effects are better than Nitrate of 
Soda if heavy lains follow its use, for the latter is lost to 
a great extent in the drainage. 01 course both these 
fertilizers act upon the single crop for which they are 
used and do not give returns for any further rotation. 

bulphate of Ammonia is now rapidly coming into 
favour. Its manuf aoture in Qreat Britain aloite which in 
1872 was 42,000 tons 

rose in ^ 
1902 to 220,000 

, and in 
1906 to 289.000 „ 
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SometiineB Ammonium Stilphocyanate is fousd in it. 
As this is poisonous to plantn Sulphate of Ammonia should 
be tested with perchloride of iron. When the Suiphocya- 
nftte is present it preseots a red colour. 

The constBtit use ol Sulphate of Ammonia causes a 
loBB of the very necessary lime of the soil. The AmmQnia 
ischaoged into nitric acid, which, with the solphurio acid, 
is neatralised hy lime. The N^itrogen is either taken up 
1^ the plant or washed away in the drainage, and the 
carbonate of \imc. ia aimilady lost. Among root crops it 
has been found fai' moie effective with potatoes than 
Nitrate of Boda. 

As was said before, and cannot be too often repeated, 
provided all the other ingredients are either in the soi! 
naturally or placed there by fertilizers, the oae of single 
manures such us Sulphate of Aminonia for its nitrogen 
provee exceedingly beneficial. 

In Java for instance- 
Weight of Sugar obtained 
cane in lbs. in Iba. 

An unmanured £eld of 2^ 

acres produced ... 179,348 23,970 

With an application of ?7S lbs. 
of sulphate of ammonia the 
crop was increased to ... 257,990 28,868 

Liint! >Titrof;en lias been iiiarjiifacf uced of late. It 
contains 20 per cent. Nitrogen and 21 per cent. Lime and 
acts aa a plant-food, like Sulphate of Ammonia. When 
the guano deposits were becoming exhausted great 
demands were made for the Nitrate of Soda found in the 
dry regions of Chili, and hence called Chili saltpetre. Im- 
mense quantities of this are sold every year at a high 
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prioe, BDd chemists eadeavourtid to manufutare soms- 
thing' OS efficieot in pl&nt fenciing. The j saw no reABOn 
whf the nitiogoa shouid not be extraoted from th« sir, 
and succeeded in obtaining it. 

It air it passed over metal lio eqppei, heated to 400°C> 
the oxygen unites with the metal, forming copper oxide, 
and the nitrogen gas is fieed from its mixture in the air. 

In the meantime, by heating chalk and coke in an 

electric furnace, calcium cai'faide is formed. It is known 
to many bicycle riders who use acetylene gas lamps. 
This carbide is finely grouod and placed in iron tubes, 
which are heated to a temperature oi 900" C, and then 
the free nitrogen ia passed over the carbide and a 
chemical combination takes place the carbide uniting with 
the nitrogen and forming calcium cyanamide, in chemical 
notation CaCna- It slowly reacts with water, forming 
ammonia and lime, according to the following chemical 
equation i—fJaCn+SHsO = NHs+CaCOB- 

It ia hygroscopic to a great extent, i.e., it greedily 
takes up moistnre from the air, and is consequently sold 
in air-tif^ drams. 

It is a fine powder, of unpleasant odoar, and ia 
generally mised with damp earth before it is spread. 
The fertilizer should be ploughed in and never used as a 
top-dressing if tbeie is danger of its coming into contact 
with the leaves of plants which it boms. It is also said 
to be hatful to sprouting seeds, and the recommendation 
is not out of place, to put it into the soil a month Ejefore 
sowing the seed. . 

Wagner says that ita action is uncertain in sandy- 
Olid peaty soils, which may be doe to the absenoe at 
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decomposiog bacteria, bat in touny and cl&y soils it ia 
an excellent nitrogenons manure, which also sapplios 
lime wliure it is wanting, 

Th«i'e 19 another fertilizer prepared in the same 
manner, except that Chloride of Oalciani ie added to the 
Carbide. It ie called Nitrogen Xjime. 

Prafewor Dr. Immendorf of Jena in a German 
Agricnlttiral AsBooiation Bntletiu says ; — It sho"aId not be 
naed for sour bumus soils. Its effect there would be 
doubtful, sontetimes poisonoits, nor on poor light sandy 
soils. It ie alwajv good on other soils on -which 160 
to 300 kg. oau be nsed per hectare, When the surface 
of the soil IB hot and moist, it should nob be spread or it 
would not get evenly mixed. 

It contains 20 per cent, nitrogen and 21 per cent, 
caustic hme. 

Blood meal when pure oontuns 14 per cent, nitrogen, 
thoagh it is found in commerce, containing as low a 
percentage as 9. Id India it is usually prepared in broad 
shallow pans placed out in the sun to dry. On light 
soUb it is usually preferred to Snlphate of Ammonia and 
ITitrate of Soda as the nitrogen is not so quickly lost in 
the drainage. It must be ploughed into the soil and not 
merely nsed as a top-diessing. Its effects last for about 
a year. In moist warm weather it deoomposes rapidly, 
forming at first ammonia and then nitrates. 

In experiments with tobacco made in Virginia, dried 
blood for nitrogen gave the largest yield, and in all cases 
the tobacco ripened from 10 days to 2 weeks earlier. 

Thongfa not frequently fcir eale, horn and leather 
meal are excellent mtn^enons fertilixera, the flnt era- 
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taiDing, when pare, 13 to 14 per cent, nitrogen, the Utter 
11 to 12 per cent. Of course the action ifi ^ower thftn 
that of the fertiliiserB mentioned before. From 60 to 70 
per oent. ia at the diBpoBal of plants the first year toA ths 
balance shows its effeets the next ;rear. 

With all theee purely nitrogenous manures the 
inomase in leaves and green matter is decided, bat the 
produce in com ia not great nnlesa similarly effeotiTS 
phosphatic and potasgic manures ore employed in suitable 
quantities, and the more of the latter two are employed, 
the better will be the harvest. The aitcogenous manures, 
.which are the more costly, are spread in quantities suffi- 
cient for the crop to avoid loss ; the other fertilizers ate 
not so rapid in their action and consequently should be 
used in larger qoantities. ComparatiYely smaJI quantities 
are loBt in the drainage, as they are absorbed and retained 
by the soil. 

In Professor Heinrich's " Duenger und Dnengen " 
(Kannres and Mannring) he gives the result of pot 
experiments with nittogeuoua manures (a aafficiencj of 
phosphorio acid and potash having been added to the Tecy 
poor sandy soil used). 

(The plants fertilized with Chili saltpetre became 
mildewed and are not included in the table.) 
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Uannre. 


Straw Ic Chaff. 


Corn. 


Total. 


Without Nitrogen 


1-fi gr. 


1-0 gr. 


2-5 gr. 


Sulphate of Ammonia 


fi-7 „ 


6-8 „ 


13-5 „ 


Flesh meal 


5-3 ,, 


4-4 „ 


9-7 „ 


Bone meal 


4-7 „ 


4-0 


8-7 „ 


Leather meal 


4-4 „ 


'3-5 


7-9 „ 


Blood meal 


4-3 „ 


3-5 „ 


7-8 „ 


Etom meal 


2-8 „ 


21 ,. 


4-4 ., 
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The above table sbowB that Sulphate of Ammotiia 

is immediately efficacioaa, whilst the vnrioiis other 
nitrogeoooft manures come into operatioo moi;^ slowly, as 
the decompoBition is not so rapid, and the nitrataa 
are consequently placed uioce slowly iit the dia- 
pontioD of the plants. Nitrate of tiodais, as a rule, still 
more effective than Uulphate of Ammonia. The crop was 
tA oats ; the sawing took place on 26th April and the 
W^ghment of the harvest on the SSrd Jnly. 

Nitrate of Potash or 8altpetre is found as an effloEes- 
eesee on the soil in India and other dry tropical oonntries.. 
The plains of Bengal produce a quantity estimated at 
20,000 tons per annum, which is used in the manu- 
faotore of gunpowder. Most of the Nitrate of Potash in 
commercial use is prepared artificially. Animal and 
vegetable matter decompose, nitric acid is freed, and, 
nniting with ashes, forinH Nitrate of Potash, designated 
chemically KNO3. It contains not only 13 to 14 per cent, 
Nitrogen, bnt also 48 to 45 per cent Potash, and ia 
consequently a very valuable manure, not much nsed 
in Europe on account of its cost, though here in India the 
price is moderate enoagh to make it pay welt. It is now 
generally sold very impure, but in course of time, as artifi- 
cial fertilizerfi come upon the market, will probably be ac- 
companied by certificates of guaranteed analyses. The 
Nitrogen is soon used up by the ci-op, but the potash re- 
mains in the soil, and its use on the Burdw&n Government 
Farm has been productive of extraordinarily rich returns, 
It is not a complete manure, as phosphoric acid is required, 
bat the application of from 1 to 3 ewta. of bone meal must 
render it complete, and it supplies sachlargequantitieBof 
Nitrogen and Potash that it cannot be too highly recom- 
mended. 
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Another manure that contains a fair amount of nitro- 
gen and a very large quantity of phosphoric aoid ia bona 
meal, which analyeeB N (Nitrogen) 4 per cent, and FsOt 
(phosphorio acid) 28 per sent. 

Owing to the relatively great diain on the Mul of 
phosphocic acid, bo needed by all plant life, many soils an 
very deficient in this aubatanoe, and this is patent from 
the inorease obtained generally by an application of phos- 
phatio manairea. 

Phosphorus OP phoBphonc acid wotttd be a poison to 
plants ; but taken up in the fovm of salts oc phosphates, it 
has been found exceedingly useful for the growth of graas- 

es, leguminosie, and more especially for cereals, where it 
is little required in the straw and plentiful in the grain, 
the latter improving greatly in quality and quantity by the 
use of phosphatic fertilizers. 

Professor Dr. Holdefleias in the year 1890 wrote as 
follows : — " It IB a constantly recurring thing to find a 
farmer, who wishes to sow wheat, cover one part of the 
field vHth stable manure, and the other part with bone 
meal. Ko man with a farmer's eye, who has seen wheat 
produce by bone meal alongside that produced by farm- 
yard manure, can possibly place bone ineal on the 
despised level to which Wanger has relegated it. There 
is no uae bringing forward cleverly arranged experiments 
tapcove its ineiBcienay, when the lie direct ia given to 
the arguments by numberless repeated agrioultural obser- 
vations and experiences," 

In the experiments with rye carried out at Horn, 
(Hamburg), the following results tell wonderfully in 
famui at bone meal as a manure : — ^ 

Plot Grain lb. Straw lb. 

1. Unmanured 1,014 2,907 

2. With farmyai-d manure 2,140 5,801 
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3. 



Plot ( 
The above plus 600 lbs. 

steamed bone meal 
Farmyard manare plus 

900 lbs. bftsic blag 



Qrun lb. 



3,118 



Straw lb. 



7.935 . 



6,881 



Farm-yard manure plus] 
600 lbs. Peru Guftno| 



3,880 



7,Sf44 



treated with Sulphuric I 
acid. ' 

The whole devslopmeni of Agrianltore in SileBia 
appears to have originated with the plentifal use d. this 

fertilizer. 

Bat we need not go far from India to learn of thu 
benefits to be derived from its use. 

, In the warm climate of the tropics, where there is a 
Bofficiency of moistore, the lesolts are atill more striking. 

The Celyon peasants pay often as much as Bb. 80 
per ton for bone meal, and never think of growing a rice 
crop without it, and in India the verdict ib pronounced 
in the following words of Indian Gardening : — *' "We ore 
constuitly being asked by our readers whether we consi- 
der bone meal (or bonedust) to be a good manure, whether 
it shoald be used in a fine or a coarse state, and whether 
it is good for this or that crop. To begin with, bone 
meal as a fertilizer scarcely has an equal ; mixed with 
saltpetre, cow dnng, oaator coke, or linseed oake, it hu 
been fuand to produce very heavy outturns when used 
for field crops. Foe coffee it has been found to i^ive 
excellent readts, either alone or when mixed with other 
mannrea. In the case of tea also it has been known to 
give very satisfactory reenlts." 

The experiments on the Government Farm at Burd- 
wan speak dwtinotty in its favour, sBpeciolly when used 
for riee with Nitrate of Potash or saltpetre. 
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In England bone was used as a manner so tar back 
a8 the end of the IBth centary, and to thia daybone meal 
and phosphate made from bone meal &ce perhaps the 
most popnlai manitreB in the coDnlty. These have 
proved valuable manures and the farmers conaider theih 
safe. Hnpplies arrive principally from India and ArgRn- 
tioB, whilst Bome are imported from Egypt, Morooco, 
Brazil, and the Continent of Lnrope. The oonsomptioa 
in England alone of manures made from this source 
amounts aonualy to 10U,000 bona. Much depends upon 
the fineness of grinding, but, when a meal approaching 
duat IB made from bones, the effect is almost as good as 
that of Buperphoaphttte. To act quickly bone meal ahonld 
be chosen that can pass through a sieve containing holes 
i^th of an inch in diameter. 

In hot countries, wtiere moisture is great, the decom- 
position of bone is rapid, but it is much slower ia tem- 
perate or cold climates, where, as a rule, bone is used 
after being treated with sulphuric acid. It is thf n called 
superphosphate, and the phosphoric acid being soluble in 
water is easily and (juicklj taken up by the rootlets of 
plants. Superphosphates are also made from copcolites, 
the petrified dung and remains of oarnivorous animals, 
which are dug up in enonnoua quantities in America. 

But, before treating of superphosphate, we uiust 
speak of another nittogenoua manure containing a heavy 
percentage of phosphoric acid, On varioos islands fre- 
qnented foe centuries hy myriads of aea-birde the dung 
has acciunnlated to such an extent that shiploads are re- 
moved to all parts of the world to serve the purpose of 
fertilizers. Thia m called Gtuano. 

Ooano still reaches England from S. America, 
Anstralia and S. W. Africa, and in 1907 . 31,278 tons 
were imported. 
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GruacoB vary in analysis. 

Peruvian ChunoB contain : — 

Nitrogen ... ^ to 11) per cent. 

Tribaeio Fhoephate of Lime 15 „ 43 „ 
Potaah ... 2 „ 4 

The Chinchas Islaads guano, analyung 14 to 16 pez 
cent, nitrogen, 13 to 14 per cent, phosphoric add and 2 
to 3 per cent, potash, was soon used np, torthe 10 million 
tons ccold not last long with a demand of fiOO.000 tons 
per annom. 

Ab it was in very great demand its price inoEeased 
far l>eyfmd its value to the fanner, and adnlteiation 
began, with the result, that every consignment required 
careful analysis, and only on the declared analysis should 
porchases be made. 

The flesh of Fish contains little phosphoric acid, and. 
lifce the HeBh of other animals, is rich in nitrogen, 
analysing 15 to 16 per cent. Fish bone is rich in Phos- 
phates, containing about 50 per cent., and at tho siune 
time, about 4 per cent. Nitrogen. I^ut the bone ia not 
dry and remains enshrouded with moietuce and oil, 
whilht the flesh around it ia decaying and fox somi-- time 
after. With bone, the decumpoBition, if slow, is regular, 
the Kifcrogen and Phosphoric Acid being placed at the 
■aqje time at the dispoHitiun of the plant. In the case of 
Fish the flesh is more likely to putrefy lirst and supply 
Nitrogen, the bone only later, sapplying both Phosphoric 
Acid and Nitrogen. It is an incomplete uiannre, for there 
is practically no potash contained in it. It is never a 
quick acting manure : its action is gradual and safe. 

A disadvantage is found when the fish is oily, and 
certain haiTests like sugar are not benefited when the 
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manure, as ia often the case, contaiiiB much eait. Sand 
is otten mixe^ with it, and an analysis should always be 
demanded. Good fish manure should contain 4 to 10 
per cent. Nitrogsn and 8 to H per cent. Phoaphorio Add. 

Far inland the price rises considerably and the 
pnxchaBer should oaloulate what he pays per unit of 
Phosphoric Acid and Nitr<i{jen to find ont il it is oheaper 

or d«acer than other manures. 

The value of ijuperphosphates or substances contain- 
ing phosphoric aoid combined with lime, treated with 

Sulphuric Acid, depends upon the amount ot Phosphoric 
Acid they contain which is soluble itj water, or, ae it is 
termed in chemical works, monobasic phosphate of lime. 
It matters little from what source the Snperphoaphate 
ia obtained. Double superpboaphates are phosphates 
treated with phosphoric acid instead of aolphnric acid 
and contain 40 per cent, more phosphoric acid soluble in 
water. As, in India, a great many people object to the 
use of bone meal (which ia a tri-basic phosphate of lime 
and contains phosphoric acid not so easily soluble in 
water as superphosphate), no caste scruples need pcerent 
the use of ooprolites. 

These should be ground exceedingly fine to help 
decomposition and will be found very useful in conjunc- 
tion with potash and a little nitrogen, where root crops, 
grasses, and leguminosea are grown, and tor all cereal 
crops witii a PufRoiency of potash and a fairly good 
dressing with a nitrogen fertilizer. The nitrogen 
boilds leaf and stem, the potash acts aa a carrier of nitro- 
•gen and strengthens the stem whilst helping the forma- 
tion of carbo-hydrates (sugar, ataroh, gum, etc) and the 
phosphoric acid is found principally in the grain, which it 
inoreaaes to a wonderful extent. Oaie, howerer, shoold 
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be taken th&t the euperphoBphates are perfectly dry, Kid 
they Bhould be used only on soils that contftin much 
.lime, or the land is likely to suffer coasiderftbly by the 
binding up of the little lime present with the Bnl^nrie 

acid, and, though a few harvests may show a wondeEfol 
increase, a total failure is likely to follow shortly after. 

Itaad kept under pasture and grazed with facm stock 
lor a seriea of yean becomes steadily poorer. The in- 
crease in the animals means an addition to tbeir ^sterns, 
especiatty in hone which contains much phosphorio aoid, 
and this is ail taken from the soil and requires to be re- 
stored. Even in the production of milk a deal of phos- 
phoric add isreguiied. To restore what is taken away 
from the soil with the grass upon which the animals feed, 
phosphoric acid is often supplied by means of superphos- 
phate and genendly with decided success. 

' In two 10-acre fiields of the same quality, the one 
nnmanored, the othertreated with 5 cwt. superphosphate 
per acre, the former yielded 10 cwt. of hay, the latter 19 
cwt. of hay per acre. It is used for all manner of orops in 
Europe and may be tried with advantage in India, often 
aiding the early maturity of crops, an.diedTioing.the period 
of growth of potatoes, in some cases six or eight weeiks, 
aooording to Samuel Pnuer, in his work on the potato. 

From sugar experiments in Java we find the fbllow- 
ing returns : — 

Weight of Sugar obtained 
cane in lbs, in lbs. 
Unmannred plot 41,083 fi,087 

Earthnnt cakes 1,180 lbs. and 

815 lb. Sulphate of potash 110.103 11,097 
By the addition to the above 

of 398 lbs. saperphosphate 114,088 13^41 
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and at Dinc^, Bast Java 

Cane Sugar 

IbL lb. 

Cane withoat saperphosphate 67^7 7,429 

With BnperphoBphates in the monnze. 89.8S8 9,409 

About 2,000,000 tona of superphoaphate are' luad ■ 
annually. 

Instead of snperphoaphnten, eapeciaUy where lime ie 
needed, Basic Slag is often recommended. This was a 
Bubstance found in the farnaoeEj in the proceoa of steel 
manufacture. Iron contains phosphoric acid, which, in 
steel, is harmful. It is certainly a good thing in the 
wcong place. When the iron is in a molten state in the 
crucible a large amount of lime is added and a strong 
blast of air is driven through it till it is raised to a white 
heat. The phosphorous contained in the iron is theceb; 
oxidised and combines with the lime. The silicate in 
the iron acts similarly. Both float on the surface 
of the molten metai and the alag is poured away, 
leaving the metal free from phosphorous, and the Slag 
rich in phosphate and silicate of lime. The great hard 
iron-like stuEE was for a long time thrown away on the 
dust heap, till a chemist proved that good money, in the 
shape of a useful fertilizer, was wasted. 

Though not soluble in water like superphosphate 
it dissolves readily in the soil, provided it is .finely ground. 
At ftrat the effects of superphosphate are more decidedly 
seen in the crop than those produced by Basic Slag, but 
about the time of the harvest not much difference 
appears. Superphosphate is very usefjil when a crc^ is 
to be helped rapidly, and. among phosphatic manurefl,- u 
similar in its effects to Kitrate of Soda among Kitrogen- 
OUB fertilisers. But it is acid and cannot be used with 
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advantage on all soile, and'is harmful where lime is defi- 
cient. 'Beaic Slag, on the other hand, can be used on any 
soil, and is specially beneficial to Buch as are poor in Lime. ■ 
It ii a tetTMalaimn phosphate and is written in Chemioal 
tenni GB«FiOg. 

It contains : — 

Phosphoxic acid 

Lime 

Iron oxides 
Silicioaoid 
Sulphur 

Owing to its contents in Sulphide of lime, which 

BometimeB amounts to 2 per cent, and more and is poison- 
ous to plants, it shouid be spread some weeks before sow- 
ing time. Both the quantity of phosphoric acid soluble 
in citric &cid and the fineness of the slag in order that it 
may be effective, should be guaranteed. It does not 
woxk merely as a phosphatic manure, but is helpful in 
opening out the soil on account of its contents in lime snd 
its power of freeing the potash of the soil for tfae benefit of 
the crop. In using it with potash salts, it should be spread 
a day or two previously, or, owing to the moiatuie in the 
salts, it is Ukely to clump into pieces resembling cement. 
A Precipitate is also formed from Basic Sl^, and as it 
ccmtains from 30 to fifi per cent, phosphoric acid, its 
action is as quick almost as supcrphonphates. 

The table below giving the results of experiments at 
Bremen, on grass meadow at Hellweger Moot, shows 
the great increase in yield by the use of Basic Slag. It 
will be noticed that the addition of Kainit not only 
inereaaed the outturn, but considerably lowered the 
penientsge oi sour gtoMm and rashes and weedi. 
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There is scarcely an artiiflci»l fertilizer that baa bo 
rapidly voa the hearts of farmers as Basic Slag . It was 
4n Geimany that ite value was tlrst uaderatood, bat im- 
raense qnantitieB are now put upon the market. 

In 18B2 &e\i experiments wpro started, 

„ 1883 ... 6,000 tons were eold. 

„ 1886 ... 150,000 

„ 1900 ... 1.760,000 

„ 1908 ... 2,388.000 

Germany nlotie produced 1,500,000 tons in 1906, 
and of this amoont used no less than 1,300,000 tons. 

Basic Superphosphate is prepa^rsd by adding slaked 
lime to ordinary saperphosphate till the mixture is no 
longer acid. 

It is very nsefal for land that does not oontam a 
■nfficienoy of lime or has too much vegetable matter. It 

contains the properties ot superphosphate and basio Blag 
and IB a manure of great value where the cLtcnmstanoea 
ngniieite application in place of flnparpbosph^te, gnah 
ae on those tea and ooffee plantations poor in lime. 

As phoaphorio acidic olteu advertised by maaure 
merohantB in terms of plmphale of lime it is advisable 
to divide the amount thuB given by 2'18 to ascertain the 
quantity of j^hosphoric acid in the fertilizer. A guarantee 
if generally demanded of the amoont ot phosphorie aoid 
soluble in water and the amount soluble in citrio aoid. 
Added to this, with basic slag the standard of fineness is 
generally placed at 60 per cent, passing through a sieve 
eontajping 10,000 meshM to the aqxtaxa inch. 
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A pnnciple long established is followed wheD, to 
obtain a eareal crop of 10 owts., 30 Kg. o£ nitrogen and 

15 £g> of phosphoric acid are added to the soil. 

Wagner asks: — How mnch Nitrate of Scw3ft and 
Basic Slag should be used aa a manure to obtain an in- 
orease of harvest of 10- per oent, of oom? and he teplies 
as follows: — " If the plants aiB to ftaairnilate SO Kg it is 
snf&oient tosapply halfas maoh a.gain, vi?., 15. Kg, oc the 
90 lbs. contained in 6 owt. of Nitrate of Soda. This is in 
fact sufficient to prodnoe an aveirage of from 20 to 24 
cwt, with proportionate straw. But will this hold good 
with phosphoric acid ? and the plant be able with a 
mannre of 3 owt. of 15 per cent. Basic Slag, to taike tip 

16 Kg. of Pho^horic Acid, and with this prodnoe an in- 
crease of 20 to 24 cwt. of corn ? There is scarcely a 
farmer who will accept this, for, in fact, it wonid require 
at least 16 cwt. of Basic Slag to effect it, or eight timen 
the phosphoric acid necessary for the crop. It is on this 
accoont that no peasant will be such a fool as to believe 
those who harm will follow from nsii^ too mach 
phosphoric aeid in a manure, since seven and eight times 
the amonnt necessary for the increase in the harvest is 
given to soils wanting in phosphoric acid." An apparent 
saperflaity is necessary to satisfy plant and soil, and that 
finch abundance is not superfluous Dr. Wagner has 
clearly sbown. In fact an abundance of phosphoric acid 
is not lost, but shows rusuUs in succeeding crops, and a 
proviuon of it in the soil can alw^ be recommended. 

Potash is made from the ashes of plants, but not 
much is procurable in this way and large amounts of 
ordinary ashes must be carted to the fields to obtain an 
indefinite letarn of potash. We know that without 
potash no plant can grow. For a long time though 



184 



fEKiners uaed ashes they were not aware of the foot that 
the beneficial Affects derived from them were doe to the 
carbonates of potash aai lime contained in them. Bat 
■mce the diaoovery of the potash mines in Germany a 
very email quantity of potash is found aa vBsfnl as cart- 
loads of ashes whioh are not easy to obtaio and are costly 
to remove to the fields. Digging for common salt, im- 
mense quantities <ii salts were obtained that were not fit 
for human consumption and were consigned to the rabbish 
heap, till chemists showed that money was being thrown 
away ; for the rubbiBh heap oontuned what, chemically 
treated, would make an exoellent and very necessary 
fertilizer. The' resalt was that the owners of the 
mines did not bother any further about common salt, and 
did an immense trade with Europe and Amerioa in the 
various potash salts they produced. The absolate 
necessity for using these is apparent. Johnstone in his 
" Stements of Agricultural Chemistry " says: "As farm- 
yard mannre restores only a portion of the abBtracted 
potash, it would seem reasonable that artificial manures 
should make up the deficit. " In Stephen's " Book of the 
Form " it is said, and science and practice both prove 
the statement only too true, that, " where potash is 
deficient, the gain in produce obtained by a small appli- 
cation of potash, at a cost of a few shillings per acre, is 
often remarkable." F. H. Storer, Professor of Agricnl- 
tora] Chemistry, writes in hie " Agriculture in some of its 
relations with Chemistry : " — "Potassium is absolutely 
neceasaiy for the growth of plants. Indeed there must 
be a tolerably large supply of the oomponnds of this ele- 
ment within reach in order that the plant may prosper. 
Most soils appear to benefit by the application of potash. 
Frofs. Wagner and Maercker have shown, bynnmeroos 
experiments, that not only san^ and moor lands are 
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impraved bj potash, bnt even good deep loanu yield 
better harrests by its application, and Messrs. Lawes and 
' Gilbert proved that, withoat the application ei potaeb 
salte, the nitrogen of stable mannre as also the niiroi^es 

economy of the soil, suffer permanent tind obnsiderftble 
losses tbrough the formation of free volatile ammonia. 
. Potash is also of the greatest importance as the cexiier 
of nitrogen. In the " AHRimiiation of the Elements of 
Nutrition by Plants daring Differeut Peiiods of . theii 
Growth " by Dcs. Wilfarth, Wimmex and Boemer, it .is 
elearly shown that the less potash is placed at the dis- 
posal of the plant the more nitrogen taken up by the 
plant remains un assimilated, to be finally excreted by the 
roots. " 

Germany nsee immense quantities of Potash annnal- 
ly and America is fast following suit. The Scotch are 
knovm to be excellent: farmers who " ma>ntire with brains," 
and do not throw away any money unnecessarily. If the 
cute Yankee and the cautious Scotchman find Potash 
pay, Indiana need not be timid about its use. The. chief 
salts obtained from the German mines, that practically 
supply the world with Potash, are : — Sulphate of FotoBh. 
Muria,tc of Potash, and Kainit. The last contains a very 
great cioantity of Chloride of Sodium or common salt^ 
and is exceediugly useful for coconut plantations and 
glass farms. It hae also proved very efficaobus with, 
cereale when not more than 8cwt. per acre was employ- 
ed. Muriate contains from 7 to 20 per cent, of common 
salti but a very large amount, nearly 66 per cent, of 
potash, Kxcept with eugitr crops and tobacco and such 
plants as suffer if chloride of sodium or (ftmimon salt ia 
given them, it is perhaps the chief form oi Potash supplied 
to plants, though Tery large quantities of Sulphate of 
potash ace also employed. 



Sulphate of Potajsh oontaimng aboat 52 per cent, 
potaah may be used for any crop, though Profeesoi 
Schneidewiad recommeiide Kainib as the best potassic 
maniixa for ceiealB. NumberleaB praoMoal ez^erimantH 
have proved its utility in all parts of the worM. Of 
thsBe one only is seleated to give an idea of the benefit 
to be obtained from its use. 

E. Meyer repcaiis the following from Stttllberg : — 

Buahels. lbs. 

1. Plot — Unmanured — Haiveat in Oats 19 4 

2. „ 160 lb. Nitrate of Soda plus 

640 lb. Basic Slag 36 20 

3. ,. tbe above plus 640 fb. Kainit 53 20 

Besides its luanurial vtilae, Kaioit, like Nitrate of 
Soda, posBesBes well Fecogaised inaecticidal properties, 
and a secondary effect is the increase in tbe capillary, 
action of the soils, whereby water is drawn to the surface, 
thus rendering soils more resistant to drought. 

A great number of examples could be given of the 
profits derived from manuring with Muriate of Potash. 
One, perhaps, will sufiioe. In the " Manuring of Oats " 
as reported in the Btrathaven Farmers' Club, we find the 
following : — 

" Mr. Jas. Lawrie, who won first prize, has Light 
sharp soil, and sowed 6 bDahels to the acre on 29th April, 
and harvested on 27th August. He applied a dressing 
of 2 cwta. superphosphate, 1 cwt. sulphate of ammonia, 
and 2 cwts. Muriate of Potash. This grew 3,280 lbs. 
grain per acre, and 52 cwts. 'd qrs. 12 tbs. of straw and 
chaff. His other plot, manured in the same way, but 
without the Muriate of Potash, gave 2,320 lbs. of grain, 
and 44 owts. 1 qr. 4 lbs. of straw and chaff. 
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For generftl parpoees it wonid be more BnitftUe to 
apply rather Icbs potash, either 3 cwts. baiait per acre or 

1 cwt. muriate of f otaeh being a large enough dressing 
for the oat oEop on most soiU. Bnt Mc. Lawrie's ladder 
Application sufflcieatly jaatified itself in this oose, as, for 

2 owls, muriate of potaeh ha got an inctense cA no leu 
than 24 bushels grain and 8^ cwts. straw." 

On soils aufiicientty rich in lime the Muriate of Potash 
•speoially faTonrs the growth of wood and leaf, and the 

prodtictioD of large fruits, though rather later in the sea- 
son. Sulphate of Potash is to be preferred when an earfy 
harveBt an e^ecial desideratum. 

The report on the competition conducted by the 
Ochiltree Agricnltatal Discussicffi Society for the prizes 
.offered by the Stassfurt Potash Syndicate for J^he best 
crop of oats grown with the aid of potash mannrea has 
been issnedby Mr. Wm. Sloan and Principal Weight, who 
Bay : — " The first prize was awarded to Mr. Bobert Biyan, 
OrchariJton, and the second prize to Mr. Wm. WuUaoe, 
The Hill. The details of the weight of the crops grown 
on these farms and on those of the other competitors are 
appended. The object for which the competition was or- 
ganized was to illustrate the effect produced by potash 
mannres on the oat crop and on the succeeding hay crop 
when applied in a proper and skilful manner, and in 
Aocoxdanoe with the methods of manuring known to be 
suitable for these crops. It was accordingly stipulated 
that the potash manures were to be applied to the oat 
«rop along with the nitrogenous and phosphatic manniea, 
in order to allow a comparison with the plots in which the 
latter manures were applied without potash. The results 
■obtained on the Parm of Mr. Bryan, Orchardton, to whom 
the first prize has been awarded were equ^y notftble. On 
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this farm 2 ewte. sulphate of potash (92 per cent, purity) 
added to a soitable dressing of dissolved bones And boI- 
phBte of anmKHiia gave tbe remukable inorease of 87 
bmheb {of 40 Hh. each) dreeeed gnin, 40 lbs. light gtautr 
and 28 cuiB. straw. On the f eunoa to which the second 
prize has been awarded, that of Air. Wallace, The Hill, the 
effect produced by the potash manure was also very con- 
sidecable, but it was still greater on the farm of Mr. Wills, 
Braehead, where 1 cv/t. sulphate of potash applied with 
other nunares gave the very profitable increase of 15 
bashelB (of 40 lbs.) dressed grain, 60 lbs. light grain, mi 
15 cwts. straw. Attention may be drawn to the combina- 
tion of mannres used by Mr. Wilts as a very suitable one 
for general application to the oat crop. It consisted per 
acre of 1 cwt. sulphate of potask (80 per cent.) ; 3 cwts. 
superphosphate (35 per cent.) ; 1 cwt. sulphate of 
aqjjg^cmia. 
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Gnanuiteed analyses oi potash Baits shonld be 
accepted only where the terms are given id Potash. It 
sometimes happens that it is advertised in terms of 
Sulphate oi Tfuriateot Potash. In such cbbbb to trans- 
late the salphate of potash into terms of Potash Jivido 
the amoont stated by Tb5, and potash stated in terms o£ 
Muriate of Potash hy 1-58. 

There are many studious farmeis who consider 
potash onnecessaiy for their clay soils, which chemically 

analysed, show large supplies ol potiish. Professor 
Wagoer, of Darmstadt, speaks very plainLy on this point as 
the result 'of practical experiments. He says : — " On 
different soils pota^ is available in different degrees, and 
such as are poorest in potash are deprived soonest of the 
little they have, and are consequently soonest exhausted. 
The result is that potash manures make a good return in 
sandy districts for the large amount of potash supplied 
them. In heavy soils rich in potash the potash is dissolved 
much more slowly, and itison thisacoonnt that one should 
not depend upon the chemioal analyses of suoh land, for, 
notwithstanding the high percentage shown, the crops 
do not give the best returns because of a>n insulticiency 
of available potash." Wagner's experiments showed the 
following results. The first were made on loam, loamy 
sand, and sandy soils, and red clover, potatoes, rape, and 
barley were grown. Of 100 parts of potash found in 
the soil by analyses the plants remo>ved 4'3 parts from 
the- loom, 7'4 from the loajuy aanrl, and 7-4 fi.om fchft 
sandy soil. In the second experiment thi^ eame soils 
were used for oats, peaae, wheat, rye and barley. Of 
100 porta of potash in the soil these plants removed 4*6 
parts from the loam, 8-6 parts from the loamy sand, and 
10'6 from the sandy epil. The third experiment waa 
tried on six different soils, in which for three successive 
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yfiatft It&lioa rye grass waa raised. This crop xemtmvt. 
of every 100 parte contained in the soil': — 
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Of pure Potash used in AgncuUure the figures are 
for 1880 ... 29,127 tons 

1900 ... 255,722 „ 

1906 , ... 452,804 „ 



Of coarse the figures are ever bo much greater for 
the maameB that contain varying percentages of potash 
and those of 190Q go well boyond a million tons. 

Dr. Jfaas, of Maeoster, writing of " The Action (d 

Common Salt on Cultivated Plants, " says : — " The 
elements, chlorine and sodium which, combined in 
certain proportions, form common salt, were tor a long 
time considered absolntely neoessary for the normal 
growth of plants, and if such ia not ths opinion of 
agriooltnrista of the pteeent day, acieuoe is yet £ar from 
clear as to the part these two chemicals play in plant 
physiology. The question is important for the agrioul- 
turiet, for a great deal of common salt is added to the soil 
when potash salts, especially the raw potash safte, are used 
in quantities ae manures. Fiactioal experience tsaohes 
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HI that oUorine and soda at leut help to a considerable 
degree (he growth of many plante. Buckwheat, for 
example, grows better when ohiorine is placed at its 
diRpoaal. Other plants show in their ashes a' pre- 
ponderating amount of the combin&tioQ of the two ele- 
ments, which even regulate the outward apjtdEtrance of the 
so-called ' salt plants'. There are also man; pastures and 
meadows, annually sabmerged by salt sea water, whioh 
give fair returna, a proof that common salt suitB them. 
Wagner found, from various experiments, (hat many of 
•our ooltiTated plants of the cIbbb to whioh (he tomip 
helongs cannot give the best harvests unkse soda is 
added to the Boil. A special physiological action is 
broaghb about by soda on the plant during the early 
stages of ita growth, which cannot be accomplished by 
other chemicalB nearly allied to soda. Schneidewind 
believes he can trace this good effect to the ease with 
which soda is assimilated perhaps, or partly to the 
Tapidity with which it carries the nitrate and phosphorio 
acid through the plant. It may be of interest to mention 
an experiment carried on for ten years by Privy Councillor 
"Wohltmomi on the grounds of the Agricuitaral Academy 
of Poppeladorf, on heavy olay soil. The (est was made 
on the most important cultivated plants with increasing 
dosea of salts, (ill the application reached 600 kg- per 
moEgen. Manuring was not carried ont every year : 
between two manured plots one always remained on- 
tuanured as a check plot. Though in other places com- 
m(m salt was used with benefit for barley, in this case such 
-wu not the case, nor did it benefit wheat, pease, or 
lieani. Bren bockwheat did not respond, contrary to 
expectation : when so heavy a manuring as 500 kg. was 
given per morgen, the harvest was an almost (otol failiira, 
JBye saffered laost, the corn was less : bot the wheat 



inoreaBed. Hye, however ia a crop wbich wben grom' on 
^ood soil, TSBponds leftst to manure. PotaloCB use well 
known to feel the eSecEs ol chlorides ; the tobers were 
leaa » also the oontents in ■taich. Btill it ohloxide 
is placeil at the disposition of the potato it aaaimilatsB 
it greddily, sad it Snds ite way ioto the leaves. Bat the 
iaber cannot bear the soda at all. With bast and still 
more in the oaw of taniips mtnared with 600 kg. per 
motgeo the incre&ae was great, even reaohing 35 per 
cent. The iaorease wa^s not greatest with the heaviest 
application of manure. , The sngar contents ci the beet 
did not snffei'. The turnip takes soda with avidity and 
uaes it and thisexpiains its preference foe Chiliaaltpetre 
over Bnlphate of Ammonia. It ^rows wild near the sea 
where it receives its supply. Bat even to such plants, on 
clay soils, we advise a mannriag not with salt but with 
kaonit which contains salt also. 

Begacding the purchase and as& of well-balanced 
tei^ilizere the following words of Principal Wright, rtf 
the West of Scotland Agricultural College, in addressing 
"the Kircudbright farmers, under the auspices of the 
Stewarlry County Council on " Some Hints about 
Buying Manures, " require serious attention : — 

Numerous experiments carried out in England 
■during the past ten years, as well as those carried out in 
the West of Scotland, had all shown that in ordinary 
farm conditions the manure for each crop should supply 
the whole of the three ingredients ; Nitrogen, Phosphoric 
■&ei&, and Potash. It was probably the cheapest method 
fet farmers, who had the requisite skill and knowledge, to 
bay these ingredients in separate masnres, and to mix 
them for themselves, or to apply them to the land separ- 
ately, one after the other ; but, on the other hood there 
"Were practical difficulties connected with the proper 
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mising of joanures on faons, which had caiued many 

farmers to prefer buying manureB already compounded 
fOE them by manure merchants, and more than half of 
the iDuim»B used in ihe oooniiy Dosdsted of these 
. specially prepared mi^rtures. These mixtnieB sold by 
merchants had st^vcral advantages to compensate for 
the drawbacks. First of all, the mixing 'of the ingre- 
dients done in the manure works was much more 
thorough and eftloaoious than could be done on the farm, 
because farmers had not the requisite tna<^hineTy. For 
the same reason they could be -more cheaply mixod in 
the manure works, and they could be sent ont in a finer 
state of di^nsion. This was of great importance, because 
on the thorough mixing of the ingredients, on the freedom 
from lumps, and on the dryness of the manure, depend 
its equal distribution over the soil, and the amount of 
effect it would produce on the crops, and it was certainly 
better to pay a higher price for manure in thoroughly 
good condition, then it was to buy a less effective 
manure at a cheaper rate. Another great advantage in 
mixed manures supplied was that they wece prepared 
for the requirement of each particular crop. Manure 
meichants deserved very great credit for this. They 
seemed to have escaped altogether the idea which prevailed 
so widely and- which was essentially erroneous, that 
manure required to be vaned m a great degree, on 
account of the nature ot the eotl. As a matter of fact^ 
the manure that would grow a good crop of turnips in 
one part of the country, would also grow a good crop in 
another, and while within narrow llioits some variation 
had to be made to suit the nature of the soils, it was- 
essentially and mainly trae that manures ought to be 
adapted to suit the rt^quirementa of the particular crops- 
and not the boiIb." 
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Profflsaor Wagner, of Darmstadt, epeaking of the use 
of artificial fertilizers, lays down certain rutaa gathered 
from practical experience. We cannot by the use of 
farm-yard manures alone obtain from our fields the 
greatest profit gross or not. We mUst consequent!/ use 
with it such artificial manures as can be purchased. An 
incomplete maoure with Nitrogen or Phosphoric acidr 
and Potash will never give the best results. We must- 
make use of all the plant food-stuffs in the right propor- 
tion. Each acre and each crop requires a special 
fertilizing and it bebores the former to learn this by 
experiejice and to prove it . 

It is not advisable to use Kainit and Chilisoltpetre 
(Nitrate of Soda) in large quantities on heavy clay soilSr 

because these salts harden the land, crust it and render, 
it impervious to water. It is true tha.t repeated liming 
can lessen the ill-effects, but it will never completely 
remove them. 

On heavy land only Bulphate of Ammonia should be 
used 08 a nitrogenous manure, and, when Potash is 
required, a corcentratfd potash salt such as 38 per cent. 
Potash fertilizer should be employed. Similarly .Baaio 
Slag is better for sandy soils, superphosphate for those 
of heavier texture. 

Certain soils act better on one qnick-aoting manure 
than on another. The beet-root, for instance, is, bettor 
treated with Saltpetre, the potato with SiUphate of 
Ammonia. 

It is the same with potash salts. Certain plants 
thrive better with Kainit, that contains besides potash, 
common salt and salts of magneuum, which would 
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certainly noi be jodicioaB.to add to the loil where vagax 
u to be luied. 

Though Balphuc in its free state or ab aalphite's 
is harmtiil in plant-life, it is vciry useful in the form 
of salts Buch &e sulphate of ammonia, potash, magneeia, 
and lime. . The last-mentioned, usaally termed gypsum, 
when ground fine, is considered a. pi-efi(!r\'ativE: of the 
nitrogen in farm-yard manure. When mixed with the 
manure heap it decompoees the oarbonato of ammonia 
forming sulphate of ammonia and sulphate of lime, 
and thus preventing ammonia escaping as a gas. It 
acts upon the potash oi the soil rendering it available 
as plant food and thus, like lime, aots as a secondary 
manure. There it will also serve to render availftble 
plant foods in the aub-soil and benefit especially deep- 
rooted plants. It helps also as a good regulator of 
moisture. On alkaline lauds termed in India reh, hnllnr, 
or soudu, containing a heavy percentage of carbonate 
of soda, its efficacy appears to arise from the breakio|f 
up of the oacbonate of soda into free carbonic acid 
which escapes into the air, EUld soda wbioh is not only 
harmless, but at times takes the place, to a certain 
extent, of the potash' that may be wanting. Used in 
conjunction with a complete manure, crops will be obtain- 
ed in such places where formerly even grass refused 
to grow. Experiments in the North Arcot District 
with biauipbate of potash neutralised by lime liave proved 
exceedingly b^eficial in field experiments on reh soils, 
the harrest rivalling those from the best poddy fields. 

In order to find the unit value of ■ the different 

ingredients forming a fertilizer we must study the 
valoation of manures. This does not refer to the value 
manures in inoreasing the crops. Somenu^beexoelleni 
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when used alone, even when not complete, if the soil be 
well provided with the other necessary plant-food ooDSti- 
tuenu, or useless if these aue not present, others may be 
complete and well-balanoed, or more suitable for ae^tain 
crops or soils without being so coetiy. By the word 
valuation is meant here the price on the market. 

To make a coinpariaon we aiuHt know for what 
principal food or foods the manure in question is sold, 
and oompare the prices of other manures hoaghtfor this 
special food. 

We therefore select a unit of ftrice for 1 per cent, of 
the partioalar food constituent in a ton c£ the fertilizer. 

Sulphate of Ammonia, for instance oosts, say Ji8.180 
per ton, whilst Nitrate of 8oda >s valued at, say Bs. 172. 
Both are quick-acting manures. The former contains 
20 per cent of Nitrogen, the latter i5'5 per cent. 

To compare prices, we lind the valae of the unit of 

Nitrogen, thus : — 20 units in Sulphate of Ammonia 
cost Bs. 180, or Bs. per unit. In Nitrate of Soda 
15'6 units would cost Ba. 170-8, one unit costs Re. 11. 
The extra Ke. '2 per nnit may be repaid by its use when 
Sulphate of Ammonia wonld not be so efficient. With 
these, other nitcogeiioas manures can be compared. 

Say an oil caVti woll-gioanil iind ready fnr use 
in the tlelds, coat Bs. 65 per ton, It eoubains a'd per 
cent Nitrogen. The unit value will then be Bs. 11-18 ; 
but 08 this is a slow acting manure compared with the 
two mentioned above, it may be of less value for any 
pacticnlaE crop, and consequently may be very much. 
dmxvc, in fact, than the others ; or, it be just wlMt 
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is wftDbej, a good but moderately qniok acting nitrogen- 

oiifi tectlizBT, and then its higher compar&tiTe value per 

unit may be worth paying for, as little wiU be washed 
into (he dninftge. There is generally a emaJl amoont of 
phosphoric acid and potaeh in oil cakos, and, though, 
thie is not HSimlly allowed for, the vnlae ehonld be ootoolat- 
ed, after the manner shown bulow. 

A superphosphate, containing 32 per cent, of phos- 
phate soluble in water, oosts say Be. GO per ton. Being 
very soluble it can be taken as a standard for arriviiu; 
at unit prices, thus : — 32 units cost Ba. 60 ; the price 
of one Ttnit will be Be. 1-14, 

Baste Slag contains 30 per cent Phosphatd, but it ia 
soluble in citric acid,' not in water. The price in the 
market is, a,%y Bs. 40. Ibe unit value will oonseqnently 
be Ke. 1-5-9. From actual I'eealts obtained on the field 
we can judge which will be the cheaper manure to use, 
the Biiperphosphate at Be. per unit, or the Basio 
Slag at Be. 1-5-9 pec unit. 

Similuly, Potash manures can be compared. Mori' 
ate of Potash containing 50 per cent oF Potash at Bb, ISO 
per ton means Bs. 3 per unit of potash, whilst Kainit, 
containing only 12^ per cent at Bs. fiO per ton would 
mean Be. 4 per unit, Of course, for manuring coco- 
nuts, the common salt it contains would be of value, 
and this might be compared with the market value of 
the article on the spot, and thus lessen considerably the 
coit per nnit of the potash for which it ia sold. 

So taking an average unit value ut Kitrogen as 
Bs. 10, that of soluble Phosphate at Be. 1-10 and that 
of potash at B8.3, we can at once find what should he the 
▼ahie of a mt»A manure. Suppose we have bone nmi. 
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The Nito^«n in it is 4 per cent, for ezunple : the 
Fhosphorie acid 9S per oent. 

Were we to say 4 units of Nitrogen at Ra. 10=Ra. 40 
and 23 units of Phosphorre Rcid at Re. l-10=aa. 37-6. 
total Rs. 77-6, the calculatiuo w^juld be vet; misleading. 
Bone does not diBaalve rapidly and place its nitrogen and 
phosphoric acid quickly at thci ilii^posnl of plants. The 
market value is, say Rs. 60. To marke our comparison of ' 
unit valaes, we must opmpare first the value .of the 
phosphoric acid for which it ia prinoipallr sold. Thig 
would probably be placed on s- level with Algerian or rock 
phosphate containing 60 percent, and valued at Be. 43 
per ton, or 12 annas per unit, and the bone would be 
valued at 23 X 12 annas for its contents in phosphates, 
viz., Kb. 17-4. The balance Ra. 42-12 would be the price 
of the 4 onitsof Nitrogen, i.e., Rs. 10-11 per unit, rather 
heavy if the Nitrogen is required to act on the plant in 
a short time. 

So if a manure were goaranteed to contain 
Nitrogen 5 per cent. 

8olable Phosphate ... 15 „ „ 

Insoluble Phosphate ... 5 „ „ 

Potash ... 10 „ 

the value would read per ton : — 

Nitrogen ... 5 unite at Rb 10- 0=Rs. 50- 0 

Soluble Phosphate ...15 „ ® 1-10 = K5. 24- 6 
Insoluble Phosphate... 6 „ @ Ra 0-ia=Iia. 3-12 
Potash „. 10 „ @ Bs 3- 0=Bfl. 80- 0 

' BeTlOB- 3 

It must be remembered that in applying various 
manures to the soil and in mixing the same beEore appli- 
cation, certain chemical changes take place. Some o£ 
these may leanlt in the loss of a valoable ingredient, or a 



200 



Bolnble nunnre ma; beaome very diffioalt to diatolve. 
Thiu lime manure should not be mixed with {arxa-ymd. 
msnnre. gnano, sulphate of ammonia or othernitrogenons 
fertQisers, Again mechanioal changes may occnr, Eainit 
and Potash salta mixed with scane artificial fertilizerB, if 
not at once spread over ihe Jiind, will prodnce a hard, 
solid mass, difScult to break up and dissolTe, and lime 
, added to snperphosphate renders it far less Bolnble. 

Dr. Qeehens, a Qerman Agiicuitural Scientist, drew 
np a simple cbait ebowing what artifidaUmay be mixed. 
We reproduce the same below : 



I 
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1. finperphoaphate. 

3. liime. 

a. , Baaio Slag or Thomas Phosphate. 

4, Ammoniimi Sulphate. 

6. Farm -yard Manure and Goano. 
. 6. Potash Salts. 

7. Ka>init. 

8. Chili Saltpetre or Sodium Niteaie. 
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Thoae manurea which are joined by thick lines mi:^' 
rtetw be mixed uaiag ; those by the doable line;' 

only immecUatelr before Bpree:ding ; tbose, by (he mngU 
line may be mixed together at'any time: ' - 

When we see the wondevfal - efFeots of intensive 
farming in Europe we ace astottoded at the little done in'- 

this country to improve the crops. Yot an flxpert writ'' 
ing on the subjeot said : — " The average cer6a] crop yield 
all over India has been estimated at abont XI boahels pec 
access against SO bushels per acre — all cnreals inoluded — 
in England, and that miUious of aciea in In^a average 
four boshelB or leas, while even the addition of odb 
bushel per acre would pay ths whole revenue and would 
feed the increment population for a whole decade." 

The great Liebig once wrote : — " I eball be h^py 
if lancceedin attracting the attention of men of science 
to a subject which so well merits to engage their talents 
and energies. Perfect agcioulture is the true foundation 
of trade and industry — it is the foundation of the riches 
of States." 

This ja true Swadeshi. Germany knows the mean- 
ing of Bwadeshi and her scientists came to her aid in the 
right manner. In 1876 the beet production was. 
860,000 tons. ' in 16ff6, it had risen to 1,620.000. The 
average product in 1876 was less than 'i.OOO lbs. of 
Bogar for every 10 tons ; in 1896 the produclaon waa 
8,000 lbs. Similarly in the matter ci manuring oereala 
Oermai^hasled the way and has been followed by other 
countries. Ib it not time that India endeayoured to 
piodnce that one extra bushel capable of paying th6 
eoontcy's extra taxes and for provi^ng for (he enhanced 
populatiim in the next decade' ? What dxeama <st 
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TTtwlQt would be belore fonng India if only the 80 
boshels of cereals could be obtained here. If the peo' 
pie cannot find "muck, mnck, and plenty of it," (hey can 
alvaya eapply its plooe by " fertilizeni, fertiliEen, and 
plenty of them." 

There are a few points that aometimeR puzzle the 
fumer. He may find hia cropa rise splendidly, and 
derelope leaf and Btem year after year, bnt prodnoe little 
oom. In this it is evid(?nt. that tho'jgh the niirogei] and 
potash are present in su^oienb- (Quantity the soil needs 
phmphoric aoid. 

A light green or yellowish ooloar of the leaves, red- 
dening towards the extremity, ptnnts to an insaflioiency 
of nitrogen- , 

As a rule soils that remain moiet are seldom in want 
of nitrogen— the drier the soil, the more, as a rale, is there 
a need of nitiogenons fertilizers, for the soil is generally 
poor in humus. 

In using nitrogenous fertilizers note should be talran 
of the mcasture of the soil and its mechanical texture. 
The amount considered auSloient in fairly dry eeasons be- 
comes toomuch in wet seasons, and the plants asaimilating 
more of it run into leaf instead of producing gram, be- 
cause with ' the inoreaae of mcnsture more nitrogen is 
placed at the disposition of plants. Clayey soils require 
more phoapboric aoid in the fertilize itt because the soil is 
gieneratly more moist, while with sandy soils the opposite 
treatment is to be oarried out. 

When the plant ie flowering and about to fruit it 
bnildg the necessary aabstances from the materials already 
taken up from the soil and contained within its own body. 
For the development of leaves nitrogen is necessary, 
and. a large floppy before the tndti&g eeawm produces 
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• plent^il store within the plant of th« neosBBarj' 
material for the fruit. But overdoses of mtrageo often 
cause the lodging or falling over of plauta due to the 
weight of the leftvea, vhioh the stem cannot Bear nprigbk, 
and result io a diminution of frnii. Bnt even whm 
lodging does not take plaoe, overdoses of nitrogen and 
too nraeh water dela^ the plants in mataring, and in 
many cmmm the harvest does not beep^ This appears to be 
the oase paxtioolarly in the potato crop in India. 

Phosphoric -acid inoreaaes fraiting and hastens 

maturity , 

Potash helps the general progress of the plant and 
serves as a carrier of Nitrogen. 

It haa long been fiiced in the mind of the European 

planter in India and Ceylon and ia fast becoming a dogma 
among educated iaadholdars of this country that analyses 
of the soil is absolutely necessary if any improvement 
is to be thought of in regard to local agriculture and in- 
tensive farming. 

One of the mistakes to be expected here with the 
levival of agriculture is an incliaation on the part of the 
.educated landholdei- to nuh to a penuat of scientific works 
on agricultural chemistry. The owner of the land may 
or may not be conversant with praotio&l farming, but his 
books speak of the impoctanos of soil analyses, and 
straightway be sends a sample ot his fields to the near* 
eat chGrnist. There he aaoevtaina his soil is rich, say, in 
potash, and immediately decides that he can do without a. 
«ompUte mauore, and that potash woold he an nnneces- 
Mxy and wasteful expenditure. LogTcal as it appeuA, 
the argument is weak, because he assumes as correct 
that what the chemist finds in the sqII is food immedi- 
ately anilftfale for plant4ife. An eminent agriotiltanl 
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authority, speaking on th« sabject, condemned most 
etrongly this reliance placed on the authority of chemi- 
cal ftoalysis, and the Golpmho Agricultural Magazine, as 
Jot baok u March 1902, said : " ilach people think it is 
enough for them to send a aatnple of soil to a chemiat 
with a note reading : ' Please analyfie the accompanying 
sample and let me know wkat mannre I should apply ' . 
The ignoiance displayed by such a bare reqoest is only 
equalled by the aiidacity of the reply prescribing the 
kind of manure to be used." 

We must bear in mind that it is nearly impossible to 
obtain a sample fairly representing, say, a ten-acre plot, 
and the analysis, at beat, merely shows what the soil con- 
tains, but cannot tell the farmer whether the plant-food 
is available i.e., if it lies in the soil in such a state that 
the plants can make use of it, nor does it assist him to 
leant how the food can be rendered available. There 
is abundance of plant-food in many a soil £uch as reh, 
souda, or alkaline tracts on which nothing will grow. 
Here we have to take into oonsidetation not only the 
physical condition and mechanical texture, but also the 
deleterious substances in them that destroy plant life. 
But taking ordinary soils and analysing them, are we 
helped much on the sabject of manaring ? 

r 

Agricultaralohemiettt havti done an. immense amount 
of good to the agdcoltare of the present day, especially 
those scientific men in Germany who dedicate a whole 
life-time to the closest study of the minutest details 
xefeiriog to plant life. But a farther study of tbii 
sabject has brought home to the student and to the 
practical man the limits of the science. We have 
heard a good deal of the plant-foods and of the necessity 
of having these in the s(»l. But praoti<ial analyses soon 
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proved th&t even the worst soits often contained in tb.6 
first few inches of the surface a great deal more of the 
principal pljuit-foode than would be necessaty for a large 
nnmbsr of eropB. 

This has led to a theory among Amerioan agrical- 
tnrists, that the mFiniira doss not aot chemicaHy, but 
merely iufluences the inechanioal testate of the aoiif 
thus regulating the plant climate. 

"So question arises concerning the valne of manaring. 
It is merely a theory of the manner in which the manure 

affects the plant and soil, a theory far from proven and 
in direct oppteition to the teaching of all European 
scientists. 

To show the difticulty of deciding what pfant-food 
is available and what is nqt we have only to take op the 
report of the Eothamsted Parm, where the land has 
been cropped since 1839. Though uumanared for 70 
years one plot contained 2,500 lb. of Kitrogen. Aa an 
ordinary crop takes from an acre between 50 and 100 lb. 
nitrogen, 20 to 30 lb. of phosphoric acid and 30 to 100 lb. 
of potash, the land evidently bad targe stocks of all the 
plant-foods reqniied. Yet the addition of 18 lb. o( 
Nitrogen in a concentrated fertilizer increased the crop. 
Evidently, therefore, the Nitrogen in the soil was not 
enfficieotly available to return a lull crop, and a very 
small addition of the reqaisite plant-food in the manure 
caused the increase. The. same wns seen by the adtlition 
of phoaphatio and potassio manures. Again, the plants 
themselves do their stileotion, and one f lani can get its 
supply from a given fleld while another cannot. Wheat 
and barley talie about the same amount of phosphoric 
acid from the soil. Yet on an unmaunred field at 
1i<AthaAuted the-wheat got its fall supply, while the 
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bad^ could matura only with tbe addition of a phoBpha- 
Hq mannre. 

The chemiatB, in giving us the analyses of soils oan^ 
oonsequentiy, give us only figures to help a compariaon 
of oioe Boii with another, but cannot tell ns how. mnoh of 
thfl plant-food contained in the acre oan .be aBaimilateS 

the plant. 

Samuel Eraser, writing on the potato,saye : — "A 300 
bavhel crop has been found to oontainSl lbs. of phoBphocio 
acid and 79 Iba. of potaah. Taking 40 .2iew Totlc soils, 
the chemiBts found that the surface 8 inches contained 
per acre (N.T. Cornell. Bui. 130 p., 157) 3,053 Iba. of 
nitrogen enough for 38 crops, 4,219 lbs. phosphoric acid, 
enough for 187 crops, and 16,317 lbs. o£ potash euough 
for 207 eropa. l^o farmer will say that it is possible to 
grow numberless crops in succession on a.n acre of land 
without manure ; but, if we merely draw our deductions 
from the chemista" analyses, this is the sort of thing that 
confronts UB, viz., that manuring ie absolutely uoneces- 
f>ary, and will be for years to come on a very great num- 
ber of soils. Of oourse an objection can be raised that 
the plants do not cover the whole acre in each season, 
but, allowing for changes of position in the rows, etc., we 
are still led to (he conclusion, by the chemiat, that 
fertilizing is neither necessary nor beneficial. Of this we 
ean merely say, in the words of our school friend Euolidr 
" It is absurd," 

Hera aoieace and practical farming do not appear to 
agree. In sneh a oaae it is always advisable to loolc for ' 
a fa^t in the soientific deductions and place full reliance 
on long eiperienoe. The difficulty to be explained was, 
if BO much plant-food existed in the soil,' why did cot the 
pknts iqake use (tf the provinon before them 7 Tba 
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«iiiwsr wu Bimple. The food was not ia such a form as 
to be available for plant life. To sa^y what is and what 
i& not available is so difficult that the matt^ is lar from 
determined yet. The go-a-head Amerioan f annspg did not 
care to bother much on this subjeot. They started from the 
pEinoiple that certain plant-foodn were, taken from the soil 
iiy each crop. Experience bautithl tbeiu that, tn course of 
time, their ricfaeBt lands had been bo redooed -as to return 
poor crops, and the remedy fonml wa-i minuring- Whe- 
ther plant-food was Btill in the soil or not, and how far 
this inigbt he in an available state were questions perhaps 
lateresting to the scientist but of little importanoe to the 
practical farmer. He said each crop took csrtiit: amounts 
of plant-food from the soil and that his crops lessened in 
coneeqnence, and his hard common sense told him it 
paid best to supply to the soil substances that would 
readily dissolve in water and place in the soil the in- 
gredients withdrawn by the harvest. He did this, and 
science fonnd be was right, and nowadays the science 
of mannrii^ is redaced, to a great extent, to a mere 
matter of ascertaining what the crops take out of the soil 
and replacing these, as a minimum, at the least possible 
expense, in the proportion in which the plants require 
them. Experience may teach us that a greatar supply of 
phosphoric aoid may be needed for a bompec harvest 
than the analyst fiodB in a bumper crop. We follow 
experience in this and leave the analyst alone, satisfied 
that there are many things in agrionlture that no ofaemiBt 
can as yet explain. 

Dr. Leather, delivering a lecture, a few years ago, 
on some recent investigations in the Chemistry of Agri- 
isnltnre, said ; — " There is perhaps no subject which has 
dhiiniei tke attention of the agricultural chemist more 
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;tIiftD the smL At the sade time it is one of the domuni 

of agrieolture about which, if we have learat much in the 
past, we have much to leai-Q in the fnture. ' Piaylair, 
when editing Liebig's Agricultsrol Ohemistry, espreosad 
BDrprise that the chemist of that day should be content 
with the determinations of the amount of silicates and 
iron and alumina, leaviag the potash, phosphoric acid, 
etc., tmdeteriDitied. It was ft comparatively aimple 
matter for the cbemisl to free himself from this criticism, 
and he proceeded to determine the amount of the valua- 
ble plant-foods, the lime, potash, phosphoric acid and 
mtrc^n, with very great precisioD. This told na how 
much of these ingredients were in the Boil. A.8 years 
{lassed on, it became evident, valuable as this infonoatioa 
was, it was insuffioient. The chemist wontd find what 
appeared to be only a small proportion of potaeh or 
phosphoric acid, whilst if a manure were ^ven to supply 
the deficiency, it might happen that the crop did not 
respond to the more liberal treatment in Bucb a roeasore 
SB one might have expected. Or, oonversely, it was 
found that whilst a few tuus of farm manure, or a few 
Jinndred poonds of move coDcentiated artificial manure 
woQld have a remarkable effect on a crop, the actual 
amount of plant-food contained in such manntea was far 
less than the soil itself contained. One fact thai appear- 
ed, very striking was that soils, which either appeared 
poor from the ohemical aoalysee, or were actually known 
to be poor agriculturally, contnined admittedly very much 
more pUmt-food than several, or indeed many crops re- 
quired. It was known that, at the most, a good crop only 
,xegniied a few pounds, ten, twenty, or thirty, of potash or 
phosphoric acid, whilst on the other hand soile rarely con- 
tained less than one per cent, of either of these plant- 
foods, nsnally indeed more than this, and such a pn^ior- 
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;tion amounted to no ten than abont 4,000 Ibi. per aora 

in the enrface soil, to say nothing of the Gtorea which the 
Bubsoils were known to contain. It was clear that aU 
thia plant-food could not be equally within the reach of 
•the OTops, that some poction of it mnst be in a different 
Btftte of oombination to another, thfi plant being able to 
asaimilato the one more readily than the other. One 
'commenced to speak thereto re of "readily available plant- 
food " as distinct from that Which was not so. Whilst a 
Tecognition of such a difference was easy, and the pro- 
blem to be BoWed made clear, the method of differentiatf- 
ing between, say tlia portion of .the phosphoric acid 
which the plant conld reEidily untilize, and that other 
portion of the same material which it could not, waa by 
no means clear." 

To thia day it is a most difficult problem to decide 
howmnch plant-food in the soil is available for plant life, 
i^ditis on this acooont, we recominend the American 
system of ascertaining what has been taken from the soil 
by a crop, and then placing on it, for the next, at least the 
same amoantot nitrogen, phosphoric acid and potash 
that have been eztraoted. 

There are several knotty qaesttona which the student 
frf intensive culture mij^ht well leave aside for the present. 
Even the British Association oould not give an explanation 
of the deleteriou) effects of grass upon orchards. The 
why and the whurcforo of many things m^T be learned 
later on, provided we reap the banefite from the facta at 
JHwsent. Here we have good farmenaU over the country, 
whose ezoellent mode of a^rioultare may be. deficient ia 
certain respects either through ignorance of chemistry or 
their want of means. But they are amongst the beat 
farmers' in the world, and it would be better tct 'bring 
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science to oar aid in learning the reasong that aotuatod 
their forefathers in the methods employed than to deny 
what generations of practical men have proved (o be 
highly benafidal. If the greatest eoientdstH fear to spaik 
ex cathedra, it does not do for beginnezs to have opinionB 
too pronoonoed. 

Avery great ftdvancR will have been made if theKimW 
can be persuaded, in the absence of a suffioienoy of cattle 
mannre, to aae ooncentrated fertilizerB that, far from 
haTming the soil, will encich the laod, while producing 
Immper crops. 

That there are still numbsrlesa subjects in t^riculture 
■which require the constant attention of the chemist, there 
is no doubt, and that we have gained much from the 
scientists' study of plant life is evidenced by the milliotui 
saved in the victorious conflict against plant diseases and 
various enemies of plaJit life. But science has not 80 far 
advanced as to tell ns with ceirtainty how much plant food 
IB in the soil in a state available for plant nutrimsnt, and 
at this stage it is more adviBable to endeavour by means of 
manures, to place, in the soil ingcedienis easily soluble 
in water, to replace those taken away by the crop, than to 
taonble ourselves with the very vexed question as to what 
the soil contains whioh scientists oonBidec available. 

This does not mean that all soil analyses ate to be 
neglected . It is well known that in the absence of hme ^1 
tJiemanuEiDg in the world is useless tilt the necessary 
minimum is supplied. It is also established as au axiom 
of agcicoltare that the crop will respond not to the maxi- 
mum of one ingcedieat of plant-food supplied, but to the 
minimum of any one ingredient the soil may contauiu 
A long M this is rmiembered and the' qoestion of 
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availability is omitted, chemical anftlyeea mttf ofta* 
be foQud QsefoL, sometimes evEin neoeisaxy. 

Chemists, applying their science to agriculiure 
amassed a number of facts, which, as individual reports, 
were not of much value, till their study produced the 
general dednotioiu on which acientific laws ooold be 
founded. 

Sansaure, ior uutance, analjn»d the ashes of plants 

and invariably found that they contained phospboroua, 
aod he rightly judged this essential in plant growth. 
Boossingautt went a step further, and analysed both the 
crops and the manure supplied.. He could aocoont for 
the carbon obtained from the carbonic acid of the air 
and the hydrogen and the oxygen from the water, but 
could not account for the nitrogen. The physical proper- 
ties of the soil and the air and the water supplied 
were connted on in studying the harvesta obtained from 
the soil. 

Liebig found that the mineral matter contained in 
the ashes of plants were obtained from the soil and that by 
the addition of theee the plants benefited and bnmper 
harveBts could be obtained. But he lequired a further 
study of the subject than his 'Laws of Manuring' supplied, 
and Mesflts. Xiawes and Glilbtitrt tihowed the necessity for 
and the preponderating importance of' nitrogen in oU 
crops. Here analysis proved of the very highest value 
to the Science of Agriculture, which owes a heavy debt 
of gcatitode to Chemistry. But when it is a question of 
^e relation of a manure to a soil andVhat manures 
will suit certain soils, a mere analysis is far from aafficiaat, 
and the question is finally settled by trials in the fidd. 
From these we can learn what tn&nuree iiiit certun crops 



212 



heat on'different soils and draw a fairly general rale for 
the applicfttion of fertilizers to the cropa. 

But its chief value liee in the possibility of .compa- 
ring Boila when after vacioas analyses have be«n mode 
in a distriot, theii- practical agricnlfcural valae is aBcer- 
tained. Thsd a sample sent can be placed by the 
analyst in a relative position as regards fertility, ordinary 
coaditioDS being otherwise similar. In course of time 
BBoh analyses give a very good idea of typical soils, and 
later on these can be classified without much danger of 
gi-ave error. If, for instance, he finds a fair average 
sample of soil on which he has to decide, he can say it 
ranks with poor, medinm, or good soils, the valoe of 
■which for igricultural purposes is known. He can then, 
vrith his knowledge o£ what has been done onother similar 
soils, suggest certain manures worth trying for cropa 
saised on that olaas of land. Bat here the practical part 
6t the bneinesR depends not so much on his science as on 
Uie practice of the farmers which he has learnt in 
conjunction with his analyses. His adrice regarding 
manures wonid be vrorth very little otherwise. 

When dealing with the analyses of fertilizers he can 
tell if they reach a fixed commercial standard of purity 
fthd price, and he can be abuolutnly certain in hie state- 
ment — a very important point when so much adulteration 
ion be carried on without the possibility of discoveiing 
it by the look or feel of the article. Agricoltaral 
inalyses are of the greatest importance in each cases. 
They are also of the greatest value where tlie parity of 
eiloakes and other feeding stuffs for cattle most be deter- 
mined, for the health of the farmer's cattle and their 
weight and strength depend on their feeding, as also the 
Talae of the fltore of manore. - 
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Certun lands lika rsA, aoudu, or alkaUufl soils bear 
next to no crop. Here chemical an^lyBiB is absolutelyi 
necessacy to tell us what Bubstaaces the land -containB 
deleterioai to plant life and what neoesBary plant-food 
may be missing or deficient. We may then by means of 
cbemiBtry aapply the missing plant-food and by uuertmg 
materials likely to form ohemical combinations, Esnder 
the deleterioos sabsbances innocuous, if not UBsfal. Bat' 
the value of soil analysis in other instances has been very 
mnch over-rated. In the generality of caaea, with' 
ordinary soila, there is little need to have reoourse to' 
chemical analysis. 

The mechanical textui'e of the soil, however, is of 
great importance to the farmer, especially when he wntes 
for advice concerning failure of crops or the fertilizers he 
may require. Certain mantiFeB are not available H' 
certain soils or they may be less efEective than others, 
and a few simple rules to ascertain the mechanical textnrd 
of the land, may be of use to our readers. 

Soils are generally claBsified ae : — 1. Bandy, 2. Sandy 
loam, 8. Loamy, 4. Clayey Loam and 5. Heavy Clay. , 

If the soil does not contain too mnch vegetable 
matter, dry the few onnces you wish to test, weigh them, 
break up the earth, pone upon it a pint or two of waterj 
shake it ap well and allow it to settle. The sand will 
. sink to the bottom. IFhen ponr away the miztore of claj; 
and water into another veasel, whioh shonld not be dis; 
torbed till the day settles at the bottom, when the water 
should be poured away carefully. , 

"When the sand and the clay are dry they should be 
weighed exactly. The proportion, compared with the 
original weight of the aoit tested shonld be noted. 
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If 10 graine weight of clay is found in 100 gcains 

<d the earth it is tarmed sandy soil. 

10—40 Bandy Loam. 

40—70 Loam. 

70 — Sd Clayey Loam. 

86—05 Hea^ Clay. 

The last maationed ia a soi I very difficult to onltirate. 

•Soils ate often designated by the amount of carbonate of 
lime foond in them. Those found containing 5 per cent, 
are called morlSj and if they show more than 20 per cent, 
of carbonate of lime they are oalcaieoue. 

Clay soils are often improved by an addition of sand, 
and vice versa. Cattle manure invariably helps to loosen 
clayey soils and to render sandy plots more compact. 

In hie work on Tropical Agiicnltnre, Semmler gives 
a fair means ot ascectaiRing, by a rough test, the valne of 
'land the farmer may buy, testing it for clay and humus, 
lime and magnesia, and the moistui-e-hoLding power of the 
■eoil. He says : — " Whoever wishes to take vp a virgin 
piece of land should be capable of making a soH examin- 
ation by separating the fine and slimy parts from the 
coarser particles by means of washing with water. By 
this process the presence of some ci the most important 
soil constituents and an approximate idea of their quan- 
titive proportions may be ascertained, and thus some fairly 
reliable eonclaBion as to the fertility of the soil becomes 
possible. The materials required are a few winoglaases, 
a small pfistle and mortar, a piece of litmus paper, a small 
scale, a small bottle of muriatic acid, another of ammonia, 
another oxalic acid mixed 'with water, a fourth of 
phosphate of ammonia and of soda and some filter paper, 
all o£ which may be bought at any chemist's shop. 

Suppose it.be desired to. try if a oqH. contains sand 
-and ol^: Take 60. gtsxamM' of th^ jwil (10r48 glraina 
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Troy— 1 Gramme) or 33'14-dwt. Orind it well in Uw 
mortar, having wetted it first till it is rednced to a soft 
|t«iBty mosa. Now dip a, piece of litmus paper iuto it. U 
Hob turns red, there is a proof that it contains hnmia aoid 
and hence that drainage is required or that lime should be 
applied. Now pour the liquid into a tall funnel, tedaoe 
it largely with water, and carefully waah out the mortar, 
Hopping what remains in it into a fannal. It it then be 
allowed t-o stand for a little time, the variouseonstitnenta 
will sink to the bottom of the glass aoooiding'to their 
Rpeoifio gravity and their degree of diTision into puti< 
cles. Tbe coarse aand sinks first, then the sand, followed 
by clay, and if humus be present this will form the upper 
layer. From the depth of the layers, a fairly safe 
eonclasion may be arrived at as regards the proportional 
quantity of each constituent contained in the soil. 

To continue the examination stir up the sediment 
and in a few minutes pour the cloudy liquor into another 
glaaa, being careful not to allow the sand, which will have 
meanwhile again sunk to the bottom, to flow off. The 
residue must be mixed with water, stirred and, as in the 
first instance, be poured out. Continue thiB proceas, until 
apparently nothing is left in the first glass but sand. Now 
dry the sand in filter paper and then weigh it. What 
it falls short of SO grammes will bo put to tbe account 
al fine soil clay and humus. 

To examine for lime, weigh off 20 grammes of the 
'dry eoi], pour it into a bottle and add 6 times as much 
water; then add gradually from 6 to 10 grammes of 
moriatio add put away for several boorB in a warm 
pWe. If, when the muriatic acid is adAed, a distinct 
buEzing sound is heard, this is a proof that ths Rni l 19 rich 
in lime. When the contents of the bottle have become 
perfectly settled pour them on to filter paper and add the 
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WWhing o£ (he botBe u well^ The yellow liquid is filler- ' 
ed through, which must, of coarse, be caaght in a ^lass 
mixed with ammoiiia until it distinctly smells of it. I£ 
brown flakes separate themselTes in it, these will be 
oxyhydrateof iron and hydrate of alamina (with phos- 
phoric acid). The liquid innat again be filtered and, in its 
liquid 8tate,-miut be mixed with b> solution of oxalic acid 
and water BO long m any oloudiness arising from oxalate of 
lime appears. Note must be taken, if during this proceas 
the smell of ammonia disappears : should this happen, the 
smell must be restored by the addition of more ammonia. 
The lime content may be ascertained by the quantity 
of precipitation : bat if a more accurate calcalatioa be^ 
required, Uie liquid must be poured on to a dry piece of 
filter paper which has to be accnrately weighed ; the 
precipitated matter on the paper must then be wtuhed 
and dried near the fire. Then both the paper and 
precipitate are weighed and the gain in weight is 
taken as the oxalate of lime. By beating it is changed 
into carbonate of lime. 

To test for magnesia a little ammonia, is added 
to the oxalate of lime. Then a Uttle phosphate of am- 
monia is diasoWed in it and is stirred with a glass rod. 
After a short interral, it there is a large ptscentage 
magnesia, a crystalline Hediment results, which consists 
of ammonia phoaphated magnesia. If the percentage of 
magnesia is small there will be little precipitate and only 
after standing for a long time. 

To test the moisture-holding power of the soil, weigh 
100 grammes of dry earth, pound it fine in the mortal' 
and empty into a glass, the weight of which, together 
with its contents must be ascertained. Then pour as 
maoh watra into the gloee as will completely, cover the 
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soil, as much as it cannot be expected to completely ab- 
sorb. In 24 houca the supoxfluous -water must be cuetaUy 
ponred off and the glMB again weighed. The additional 
weight gives the percentage of water which the eoil can 
take up. This power of water absorption reaches, in the 
oases of clay and humus to 80 and 100 per cent. In the 
oaae of gravel and eaad it falls to 30 and 26 per oent." 

The land thus studied, the next object of the practical 
agricultnriet shoald be to ascertain what his crops iake off 

the soii poL- acre and the means to be employed for 
increasing the hai vest. There is a book by Profeesor Wolfi 
giving the analyses of a great nnmher of plants as also s 
list by Dr. Lierke ot the amounts of plant-foods removed 
by various crops, but if these be not procurable, recourse 
should be had to the Department Agricultnre to ascer- 
tain what quantities of ^lant'-food are taken off the land' 
by average Indian crops. These ingredients should then 
be added to the soil to the extent at least and in the 
proportion in which they are removed : for bnmper crops 
larger q^mmtibies are reqoired. We may then hope for the 
extra hashe] in cereal crops that will change the raiyat's lot 
from that of misery verging on starvation to one far more 
closely resembling that of the proeperons European farm- 
er. Having learnt theoretically the value of manures- 
and a rough chemical teat of soils to enable ns to cooeult 
others abont the most economical fertilisers to oso with 
our crops, we must begin from aotoal practice in the fields 
to ascertain from cxprcicncp in what proportion variouft 
particutaifertilizers should be mixed to give the vety best 
pOBsjble retnniB at the least possible cost. * 

This can be done scientifically by every peasant 
blessed with' common sense and a certain amount ot 

observation. 
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What have the greatest philoRopben done bi^t traced 
resnlts to their final causes aui having seen the same 
cause xmdet the same circamstances produce mmilai 
lesultB made a Beries ot statenients Bbowing how results 
must take place always and everTwhere when certain 
oiroamstances occur before, without which these results 
would not take place. 

One cannot expect for a very long time to come to 
see, in agriculture, as defined never-failing effects such as 
we tern the laws of nature, hecanse we have yet to learn 
the many things that effect plant life, but we can all know, 
in a short time, the result of the mannrea we use and 
what to expect when we ase them. 

The great rule when making experiments is to vary 
one thing at a time. If I alter two or more ^ things 
either in the field or the manure I cannot find out which 
of the changes may have caused the changed results. 

If for instance a dish of nee were cooked and proved 
far from tasty, to leain the cause I shoald have to use 
water from the same source and rice from the same store- 
place and cook it for the same length of time in 
another pot, to find out whether the pot was to be 
blamed. I must change only one thing at each trial. 
If ^ use another pot and di£ferent water, or rice from a 
new store or boil it longer, and it prove better than the 
first I ioannot possibly come to any conclusion as to the 
cause why the other turned , out. ao bad. 

We must take similar core in teeting the value of 

manures to learn what may be faulty. You may from 
your own observation and from the well-verified reports 
of others gain a littie knowledge of certain manures 
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<lQring a losg life-time, if you simply wait till anything 
oat of theocdinuy oooors before you, ox U toldto yoa. 

Bot, in experimentiag, yoa regalata things in various 
TTaysthat would not otherwise occur, and then watch the 
results that follow. India can boast ot thoatiaads of years 
of observation, but not of much experiment. Oattle 
manure has bc^on in nee for ages, but other manures ue 
not much known. 

It IB very probable, experience in other piaces has 
shown it only too true, that a wise use- of f ertilizera, other 
than cattle manure, either alone or mixed with the 
prodiiict of the farm, willbring about astonishing results at 
& cost well within the means of the average fanner. Now. 
it he makra trials on a small scale and learns what the 
resulting profit is, it stands to'reason he will continue the 
trials on a larger scale to have so much greater profit, 
even if he finds it necessary to borrow the money, confi- 
dent that he will be able to retom it and yet hare a large 
margin of the profit for himself when the crop is oolleot- 
«d and sold. 

Much faj'myard manure can be spared and the yield 
maintained and even increased, by using half the ordinary 
quantity and thus spreading the dung over twice- the 
area, supplying the deficit by the addition of artificial 
fertiUsers. The value of this will be seen when, instead 
of placing all the manure on a i»w acres, no land is left 
unmanured, and the whole farm is thus kept in heart to 
produce good harrests. 

Of course he shoutd experiment on a small scale till 
he knows not only the best but the cheapest combination 
of feitUisers th^ will give him the best or niost paying 
jesfiltB, without in any way harming his land. And 
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bEtng tliis about, he moat, on each plot, vary ihe amoant 
of one of the fertilizers used, and watch the result of, 
these changes. When he aeea a certain oombination in 
certain qnamtitiM the beet rasnltB from a partacalar 
field, he may then generalise and say for snch fields, vith. 
Buch ciops, such results may be expected. 

Experiments give the facts on which we may afber- 
wards reaeon. We may, for instance, frnd that on certain 
lands, the addition of even less phosphoric actd or potash 
than a good harvest requires may give bmuper crops. 
The oondnsion we come to from this oue experiment is 
not to be made a rule even for that partionlar patch of 
field. All we can say is that the soil contained already 
BO much phot^horic acid or potash that the little addition 
caused the bumper crop, and as the harvest contains, 
more than was put into the soil, a certain amount was 
taken from the soil, which was consequently rendered so 
much poorer, A continuation of such a smaU allowance 
must soon lead to a lessening of the harvest, till, in 
coacse of time, according to the Law of Minima, the £eld 
ceases to produce paying, if any crops. Or, as may often 
be the case with the use of lime alone, foods within the 
soil are, by its action, rendevfid available to the plants, a 
large harvest results, but tha »t<jie of plant-food has ueen 
so eaten into that the raiyat learns the truth of the saying, 
mentioned before : — 

" Lime employed without manure, 
Makes both farm and farmer poor." 

But instead of speaking in general terms let ns come to 
the point and see what can be done by each peasant on 
his own farm. To begin with a few crops as samples, let 
US try first ground-nut. We know we must as a put 
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into the Bcnl #hat the crop has taken fnrai it. An 
ATerage crop of nuts lemovfls 100 lbs. of Kitrogen, 

30 „ Fotaah. 

24 „ Phosphoric Aoict. 

But the Nitrogen, wft have flocn, is tftken from the air by 
ihe bacteria in the nodules at the roots of the plant, and 
in feeding thenwelveB, they practical^ feed the plant with 
nitrogen, free of ooBt. The Phosphoric Acid and the 
Potash come from the Boil. Without bothenng about the 
amount of these latter foods that may be present in the 
soil and entering into the diffioalt qaestion as to what 
part of this is available, we simply put at the disposal of 
plants, by meH.ns of manuree, at least thEbt quantity that 
has been as a rule taken up by an average or a hamper 
«rop. The words "at least " are used advisedly, for part 
of the phosphoric acid and potash may not be taken up 
by the first crop, and, if it remains in the soil, the plant 
may be deprived of just so much food i£ the original 
supply was poor, or in such a state as not to be easily 
taken up by the plants. 

Starting with these preliminary ideas we stould now 
select a held whose soil is equaiUy good ot bad, having the 
same advantages of moisture, sunlight, drainage, depth of 
soil, etc. Then we divide a portion into smaller poi tions 
of say 22 by 11 yds. ; and 10 such wiUoccap; butlialf an 
acre. 

In order that we may not be deceived by some 

unforeseen unexpected result from oanses we cannot 
divine, we dopHcate each of the five experiments, so that 
shoald two of the same set be vastly different we leave 
ihem out of our oatoolationB till the oanse*iB discovered. 
Such a va«t difference could, for instance, arise if, 
4jn one plot after the ploughing a temporary small loosely- 
bnilt bay-staok had been erected. 
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Suppose, however, our plots are about as equal as yie 
can expect to have them, the planning out ihonld be aa 
follows : — 



1 


3 


8 


4 


6 


la 


Qa 


8b 


4a 


6a 



Learning from experience that it does not pay to use 
cattle manure with ground-nutB many peasants use no 
manure at aU. ' 



Plot 1 should therefore not be manured, though all 
the plots should be tilled alike, sown on the same day« 
and throughout the course of growth and reaping, treated, 
as one field. 

As la is a duplicate plot it also will have no manure. 

Plot 2 should receive 5 lb. ol bone or basic a!ag, or 
if it be prefi^rred and the soil contain more than a suffici- 
eney of lime S lb. of superphosphate. 

In the first trial only one of these must be need and 
after a series of expsrimentfl with this phosphaticmannie 
another c&n be snbstitated as a means of obtaining phoa- 

pboric acid. 

Plot 3 should be manui'ed with 100 lb. ol aahee or 
121b. of Eainit which contains oommon salt and other 
things a& well as potash or 3 lb. of muriate or sulphate oC 
potash, but only one of these at a time. In plot 8 th9 
potash and phoephoric acid should be combined. 

On plot 4 a very small amount of cattle manure, say, 
100 lb. or 10 lb. of oil cake should be mixed with the 
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phosphoric acid and the potash to aid the ^anti till they 
draw theti nitrogen from the air. 

And m plot 5 the fall amount of cattle mannie nsect 

alone, say 500 lb. 

ThR daplicftto plots are to be treated in exactly the 
samo way, notes shoald be kept of the time erf sprouting, 
the appearance of the fields at varions Btages of the orop'B 
growth, the time of ripening, and the quantity or weight,, 
size; and other qualities of the nuts, and the omoaat of oil 
extracted from the crop of each compartment. 

In ancceeding years, as experience may show useful, 
one of the mannres may be iaoreased or diminished and 
oamparisoos thus made. 

The largest ctbp may not be the best paying as the 
manure inay be too dear. There ia little wisdom in my 
spending Ba. 30 on manures to secure Ba. 75, if the 
difference of Bs. 45 could have been obtained perhaps on 
an expenditote of Bs. 10. 

Care shonld be taken that the water fnnn one plot 
should not flow on to the next plot, for that would render 
the conclueions arrived at incorreot, since the water would 
probably contain manurial properties on passing over from 
the first plot. For the same reason as level a piece of 
ground as possible should be chosen for the site of the 
esperiments. 

To save time other experimental plots with an 
increase of manures may be tried. 

With sugar-cane where heavy waterings ate required 
wemustnotbesatiBiied tostart withonly as much nitrogen 
as the analysis of the crop shows. 8o much may ba 
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'Wished avs7 in thednina^, and so much, especially in 
the case of cattle manure, may not be rendered fit for 
ooneamptioD by the plant during the period of its growth, 
that it is adTisablfl, if a really good crop is to be looked 
for, to pliGs fftrtilizers in the noil containing a>t least 
iwioe the amount extracted frum tlie soil by tne cane, say, 
ISO lbs. pef aare or 8 lb. per plot, and inoreosiag year by 
year in trial plots, whilst retaining the bag of 2 owi. per 
acre oz 10 !b. per plot of bone or superphosphate oonstatit, 
as also 2 cwt. of ealphBite of potash per acre OE 10 lb. per 
plot. Another series ol experiments might later on be 
made with a lixed amount of nitrogenous matter and of 
phosphoric acid, whilst the amount of potash used is 
varied from say 2 to 4 cwt. par acre or 10 to 20 lb. per 
plot, so that in coarse of time the best combination to 
secure the best paying crop can be arrived at. When 
cereals are to be grown similar experiments can be made 
as those carried out on the Burdwan farm. Though 
Nitn^en certainlyshows the plainest rssultB in the growth 
of these crops it is wonderful what effect i-^ produced by 
potash as a carrier of nitrogen, and nuinberlesE experi- 
ments in all pacts of the world prove that it is always 
advisable to supply a far greater amoant of phosphoric 
acid than the analysis of th(; crop shows Co have been ^ised. 
We know that the greatest amount of phosphoric acid is 
fonnd in the grain, but we are not far enough advaaced 
in agricultural science to be able to tell why the harrest 
of grain increases so much when an over-abundant supply 
ol phosphoric acid and not merely a sutiicjency, ie placed 
at the disposal of the crop. Its action within the plant 
has not been followed to the same degree as that of nitro- 
geD and potash, and it is quite possible that the excreta 
from the roots contain a comparatively greater amount of 
phfMphoric aeid in combination thui nitrogen and potash. 



' JKach former should learn for himself by a i^nfal 
obaervatdob of the results of experiments the most paying 

amount to use, 

There is no necessity to go through the list of Indioa 
orops to saggest other experiments that should be made 
whether with cotton, maize, kodbi, dhal, etc. • 

As to the Yalne of manures we find in the October 
issue of 19L0 of the Agrioultoral Joiimal of India, under 
theheading, "Concernmg Soil Fertility." reference luade 
to Cironlu No. 142 published by Dr. Cyril C. Hopkins, of 
the Agricultaral Station of the UnivQisity of Illinois. 

On the subject of fertilizers, niitural and artificial, 
mnch hasappQiued in the series of pamphlets on " Indian 
Crops treated from the Manurial Point of View," and 
the frequent reference to these caused even, so friendly 
a critic as the Hindu to give us a qnieb dig in the ribs. 
Qnoting fcoin the " BeviTOl of Agricoltnre in India " the 
Editor says: — " In some placss improved irrigation was 
the cry raised, and oil-engines and pumps were considered 
the K^al road to fortune ; in others, iron ploaghs were 
the ' instruments to which would — be reformers nailed 
their faith etc., and then with the smile of the nnbehever 
he adds ; — " Others again pin their faith to chemical 
manoi-es and artificial fertilizers aa the salvation of the 
Indian raiyat.*' Even Dr. Mann, in the pages of the 
Pusa Journal, writes : — " With some of the details at 
Mr. Kenny's saggestions, we are not in agreement. 
We do not believe, for instance, that one of the ffnat 
needs of the Indian cultivators is a anpsly of artificial 
manures. We have little evidenca, again, of the progress- 
ive deterioration of most of the land in India which 
Mr. Kenny considers aa certain." 



236 

In nplyi we can merely say, what is admitted "by 
all, that Lidiai has not a' Bnlticieiit supply of natural 
manures, that the land has been longer aaltivated than 
Eorope and America, and that, if in those coqntries, 
manaring is ooiuideced the principal cause of the great 
increase of orapa, the use of artificials in coDjonction 
with cattle manure, or alone where farmyard manure 
oannot be obtained, is a fortiori more necessary. The 
gnestion of prioe is quite another thing, and does not 
render the manuring less necessary. It is to be hoped 
the formation of Agricultural Banks will enable the rai- 
yats to purchase ortiiicials at a rate that will render their 
use highly remunerative. In introduoing the circular 
referred to, the Editor of the Agrionltural Joornal asks a 
very pertinent question : — " Will it also ]Day in India V" 
The answer emphatically is : — "Fertilizers in conjunc- 
tion with farmyard manure or used alone where farm- 
yard manure cannot be had, will pay, provided complete 
well-balanced fertilizers, are employed, and the Depart- 
ment (A Agriculture that has for so long u^-ed ill-balanoed 
incomplete fertilizers for so many years, is now beginning 
to seethe Value of complete weli-hslanced manures.". 

As this is a question of the greatest importance, we 
make no apologies for reproducing verbatim the following 
correspondence extracted from the circular referred to : — 

The foUowing letter was addressed to the Ministers 
of Agriculture of several European oountriea, and a similar 

letter was sent to other leading Agricultural investigators 
and economists in Europe. This correspondence (giving 
all the replies received at the date of going to press), is 
seU-ccpIanatory. 
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" Univbbsity of lujmoiB, 
Ubbama, iLLiHoia, U.8.A., 
December U, 1909. 

To His EXCBLLBNOT 

THE MINIBTEB OF AaBICULTITBS, 

The Hague, HoUandi 

" Sir, — Statistical recorcla clearly indioate that in 
year country there has been a large increase in the 

average yieid per acre of wheat and other cereal crops 
during the laat BO or 100 years, an iQcrease amounting 
as a rale to about 100 per cent. 

We shall esteem it a very great favoar if you vill be 
so kind as to inform me about what xelatiTe proportion 

of this increase yon would atthbate to each of the 
following fa,ctors : — 

(1) To the use of improved seed. 

(2) To the vse of plant-food in commercial fertili- 

zers and stable and green manares. 
<3) To better rotation of orops. 
{4) To more thoroiq^h tillage, 

" Without doubt you have sufficient information 
concerning the changes that have occurred in your 
agricultural practice- during the last ccntnxy to enable 
yon to designate somewhat olosely the relative import- 
ance of these several factors in effecting the increase over 
the loinier yields find your opinion in this regard will be 
highly appreciated b7 hb. 

With deep respect, 
I am very sincerely yours, 
(Sd.) CYRIL 0. HOPKINS." 
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" The Hagub, Holland, 

January 13, 1910. 

" Dear Sic, — In r«ply to your letter of Deoember 
24th, 1909. 1 am plf^ased to inform you that indeed the 
tociease in the average yield per acre of the oereal and 
other oropB in the Netherlands during the last 80 years 
has been very important. The following figures show 
that very clearly >~ 



AyBBAGB YIBIiD VHn HEOrABS IN HEOTOLIIHBH. 





1851—1860. 


1891—1900. 


1906—1908. 


Wheat 


19-3 


24-9 


3-2 -4 


Bye 


18-0 


21'0 


23-5 


Barley 


32'8 


ix-a 


46-5 


Oats 


33-4 


42-4 ■ 


50-0 


potatoes ... 


120 


181 


an 



" As to your question to inform you what proportion 
of this increase I would attribute to each of the factors 
mentioned by you, I am sorry to say that I consider it 
to be impossible to state these pivportionK in figures, 
because a great number of factors, one dependent upon 
the other have worked together. 

For inatftDce, the ubc nf Tin])n)ved variatiiis of seed 
has largely contributed to the increase o£ yield per acre, 
bat without better manuring and tillage of the soil these 
new varieties would not have shown any results at all. 

Therefore I can only say that the largest proportion 
of the increase of different crops in the Xletherlands I 
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ynmM atltribQte to the proper use of conunercial fertili- 
zerg and to the uee improved varieties of seed, the 
othec i&ctors coming in the aecond place. 

I am, dear Sir, 

Yoats Iftithfully, 
for the DJrectur-Oeneral of Agrionltnre, 
(Signed by the Depaty Directoi-Geneial.)" 

" ROTHAMBTBR ExPEBIMBNTAL STATION, 

HAOPfinDiiN, Emoland, January 17,1910. 

Dear Dr. Hopkins, — I find some diiBculty in answer- 
ing the qoestions in your letter beca.ase it is impossible 
to reduce the factors one snrmisps to have been at work 
to the Btate of figures. As far as I can come to any con- 
clusions I should say the great increase in production 
dateB from about 1835 ; it has been almost contemporane- 
ouB with the Bothamsted Experiments. Xjawea desoribes 
the Bothamsted land as yielding on an average 20 bushels 
of wheat when he took poaseasion ; to-day I should put 
the average yield at about S3 bushels — I don't think 40 
is regularly got. 

The faotoEB at work in the increase have been : 

(1) Shrinkage of the area devoted to wheat and 

other arable croys. The henk land has 
remained under cultivation : the worst has 
been laid to graas. The wheat area in 
England in 1866 was 8,126*431 acres and 
has become to-day 1,548,732 (1908). You 
must allow a 10 to 15 per cent, increase 
in yield per acre on this aooonat. 
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(2) Improved seed doM not count for very madh. 

We still grow a. good many varietiea that 
were kaown 80 to 100 yeaiiB ago, e.g., red 
Iiainmas, Biyette, BoaghohafC white, and 
they are still among tho good if not the 
beet yieldera. I should nob pat down more 
than 10 per eeot. of the inoreaie to the new 
varietieB. 

(3) Better oultivatioa aad tillage. Thia is a 

diflioult matter to estimate, but from all 
the accounts that have been handed down 
to us the progress in cultivation has been 
toward cheapness rather thait toward 
absolutely better work. For example, the 
old ^English wooden plough is still to be 
found ; it does first class work, if anything 
better than the iron plough, bat it requir- 
es four horses, a man and a boy, where a 
modern plough will go with one man and 
two or three horses. Probably there 
has been some general levelling to the 
standard of work ot the better farmers, 
bat I should expect the best tillage of 1,800 
to be no worse than that of to-day. 

(4) The great factor has been the introduction 

o( fertilizers and purchased feeding staffs. 
As soon 0.U you can introduce on a farm 
some extraneous source of fertility you 
can raise the standard of produotion. Of 
course many of the best farmers boy little 
fertilizer beyond superphosphate for 
their tornips, but they bring in fertilizing 
ingredients all the same in the cotton and 
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linseed cake, the maize, gluten meal uul 
other cattle foods which are used to a, 
gi-eater extent than fertilizer. 

Then of coura© are only opinions, but in the 
abfienoe of all statistical evidence they ore th« be^t lean 
give after a good deal of consideration beioEe of this 
paiticrnlar problem. 

(Sd.) A. D. HALL." 



" ItoXAL AaRlCCLTUBAL EXPBRIMBHT SlATION 

OF THE UnIYEESITY OP GOTTraQBN, 
Gottingen {Qerma^y), January 17, 1910. 

"HonOHred Sir, — You ask me foar questions that are 
▼ety difBcuit to anawer, The four factors operate very 
differently in the manifold combinations together as 
well BB upon different kinds of soil . 

When I give you the following figures as you Ha* 
quest, X do 80 with a feeling that they are open to attack 
in the highest aegree. The estimate is dependent upon 
every condition. I believe that the principal increase 
of the harvest is to be attributed in part to the appli- 
cation of artifioial fertilizers themBelves and in part to 
their eombination with green manures. Through t]iB 
appbcation of the two the yield upon the ^average has 
been doubled on our oommon light soils. In some oeees 
the yield has even been increased two and one-half to 
threefold. Olay soils become tillable to a greater, degree 
When application of artifioial fertilisexs are nudQ. 
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ftssumfi thaJi of the lOl^ psr 06Db. in- 
ex8WB in th« yield can be attributed : — 

To artiScifll fertilizers, 50 per cent. 

Theeffect of artificial fertilizers ie increased through 
the better tillaige u£ the Boit. To this oauae I 
attribute 35 per ceat. 

To the QB6 of better seed, 15 per cent. 

To.the bettei orop rotation 10 per cent. 

However, I. repeat, these ore my own estimfttesi the 
exact basis for which is truly laoking. If these estimates 
will be of any value to you, it will indeed give me the 
greatest pleasure. 

Very truly yours, 

(Sd.) VON SEBLHORST." 



" AsBicnLTPEAi. Chemical Experimbmt 

Station, HazjiB, A. 8. (Qermany), 

January 28, 1910. 
"Honoured Sir, — The greatly increased yields we are 
now producing in Grermany of our different grain crops, 
especially of wheat, are dependent npon all of the four 
iactors yon have named : 

1. Upon the use of improved seed. 

2. Upon the larger and more intelUgent use of 

fertilizers, especially of artificial fertilizen. 

3. Upon a better rotation of crops. 

4. 'Upon more thorough tillage. 

Of these factors, however, the use ol fertilizers 
takes flnt rank vety decidedly in inoieasing the crop' 
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yields. That the yield is also depADdenti upon the rota- 
tion of crops yon are of course awave, Thus we harveet, 
for example, 60 buahels of wheat per acre, od our better 
lands when manured (oe a previotu potato nop, while 
this yield Qould be sBcm-ed after the gross feedlng'beet. 
oiop only by heavily fertiliziug the wheat. 

Very traiy yoora, 
(Sd.) SCHKEIDBWIND." 

" Ebpublio of Fkanob, 

Pahis, January 28, 1910- 

Sir,— Under date of December 24, yon addressed to 
me an inqniry with the ym pose of obtaining data on the 
cauees of increase during the last 80 years of the yield 
per kectarie of cultivateil land. 

I have. the honour of sending yovt under the enclo- ,. 
sure the elements of a reply to that question and I 4m 
ready at your bidding to furnish yon any other inform- 
ation on the matter. 

Accept the assurance of my highest esteem. 

The Minister of Agriculture, 
(By The Disectoe of Agbicoltpbb). 
In Franoe the land euitable for the prodoction of 
oereala blU. in great pact, into two large, sharply defined 
groupB. 

1. Those in which plante of induatriai importance, 
the augar beet particularly, occnpy a very 
important place in the rotation of crops. 

S. Those in which plants repairing intercaltiva- 
tion axe, in geaeral growit bqt very IHtle, ' 

J6 ' , 
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I.— (liraiRKVl! A&BICCfLTnBB). 

In the Districts devoted to industrial priiduction 
ih« farmer has put into pr.ictice all known aids tb an 
iaorease of yield ; usually he has carried hia operatiotl 
methodioall^r- In Ui« first place he has began Toy prepat- 
ing his landLmoi'e thoronfrhly, by d6€pet- tillage, and by 
ridding of the noxious weeds that infested it. In the 
seeood place, due to the large nnmbsr of live stook, 
whose maintenance has been made possible by the 
reaidue from industrial processes and by the extension 
of forage culture, artificial pastures, (especially alfafa, 
clover and sainfoin,) he baa considembl/ increased the 
production of farm manure, a commodity which has for 
a long time been su^iplemented by commei-oial fertil- 
izers. These two improvements having been ono« 
effosted, the introduction of more ptodactivc varieties 
of sfiff-strawed cereals has become a necessity, because 
it was found that the old varieties; nourished by too rich 
ft'soil, invMiftblj lodged before maturity, and yielded 
only a mediocre quality of grain. 

The rotation of crops in the Industrial districts at 

rcell as plteiehere has remained practically as it was 50 to 
80 years ago. The length of the rotation of crops froia 
the same land and the ntder of rotation has scarcely 
varied. The principal fact to he emphasised in this 
connection is the increasing eoatcity in the industrial 
district of fallow lauds, which hare been almost com- 
pletely replaced by cultivated crops and . artificial 
paatnres. 

It is impossible to evaluate with any degree of 
accuracy, the part which each of these factors has 
pbysd in the increase of production in cereals, because 
the i^splt hfs come from ths f^mpqt inseparably 



Opei^tioQ of the combined causes. The effect of 
fertilizer, for instance, can only be defcei'uiined la ita 
entirety if the land is very w^ll worked, and it types of 
Boil ace seUoted which are lacking in the paitioalac 
elements aupplied by the fertilizer, and are tkereby 
rendered productive j moreover the iutluoticc of eaoh 
factor varieB between very v/ide limits, depending upon 
the nature of the soil and the climate. ' 

If one. is willi&g to content himBeU with very 
approximate figures, we submit in the following tatie, 

applying to the districts of Industrial .agricaltare, figures 
representing, as near as can be determined, the relative 
importance of the different factors (increase ia produc* 
tion taken as 100). 

Increased use of farm numare and feftilizerB 

60 per cent, at least. 

Better preparation 

of the land 80 „ „ 

Selection of seed and 

varieties improved 15 to 20 „ „ 
(for oats and barley which have been less improved by 
selection than wheat, 20 per cent, is certainly too hieh.) 

II. — (ExTZNSivB Acfbictjltubb). 

For the lands of the second group, the farm manures 
(supplied by live stock becoming each year more 

nttmerous ae a result of the increased acreage of forage 
pliuits, and espepially in legtimes) play a leading j.'ole. 
Commercial fertilixera are not entirely unknown in the 
dietricta comprising this group, but they are often used 
in insaflicient quantibies and without aaffioient pMpua' 
tion U the land. 
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Hbo improred wiatiea tun acatoeij adapted to- 
existing cosditiona there and the farmei' ha.a h&d %ha 
good sense, in laany oases to stand b; the old varietia 
which are hardier and better adapted to theio as yet 
defeotive agnonltnral conditions. 

The scale of effloieno; which it seenu reasonable to. 
suppose is as follows : — 

Effect of fertilizei'B ... 70 per cent. 

Kffect of prepaiatiou of land ... 15 to 20 per cent. 
Bffeot of selection of seed and 
improved varieties ... 5 to 10 per cent. 



Board op Agriculture akd Fishebies, 

4, Whitehall Place, Ijondok, S. W., 

1st February, 1910. 

Sir, — I aui dii-ected by the Board of Agriculture and 
Fisben.es to advert to your letter of the 24th December 
and to say that while there is no doubt that a consider- 
able increase haa taken place during the last 100 years in 
the average yield per acre of cereal and other crops in this 
(xnUitiy, the I^ioard would hesitate to place the increase 
at 80 hif^h a figure as 100 per cent., and thfiy are of 
opinion that ^0 per cent, would probably be more nearly 
coiteot. : There ate, ' however, no adequate statistical 
records priot to 18S4, when produce returns were first 
ccjlected, tifoo which any acoorate estimate of the 
increue can be based. 

In view of the fact that so many oonsiderationa 
have to be taken into aacount it is lujt poAible for the 
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bdatd 'to discuss within the bompass of a Jeitter the 
Relative value of the factors menfcionfid by yoii aa having 
o(mtribsted to the increase, bat, Hpealdng geaerally, the 
Board are diagOBed to attribute the greateat importancs 
to improvemeats in tillage, includiag the drainage 
land and the use of lime. By draining and limiDg, the 
texture of the soil has in many district undergone a 
peznianent change, and the improvement in texture 
consequent on such operation has rendered possible the 
use of the improved iron implements now univeceally 
employed. 

Nest in impoctanee the Board would place the 
increased supplies of farm manure (enriched by puxchas' 
ed oilcake and other feeding atufts) and of artificial 
manotes. 

The Board are of opinion that the effect of improved 
seed has been much less than either of the canses above- 
named. The farmer of 100 years ago selected his seed 
gcain carefully. Some improvement has, howevet-, been 
brought about — eapeoialiy in the case of oats-^by the in.' 
trodnction of new varieties. 

Changes in rotation have chiefly affected grain crops 
indirectly by the subjtitution of green crops for fallow, 
which has thna iaoreasad the manure available on the 
farm. Cereal crops oocapy very much the same place 
in a rotation as they did a century ago, and while 
changes in rotation may have been mide in ordei" to 
obtun the lull advantage due to improved tillage and 
an ihoreased supply of artiQoiat manurM, theM ' ohangee' 
should not bo regarded as the primai-y causes of the im- 
provement in the yield of careals which hae marked tiw 
past oentnry. ; 



Tin "BotxA have dealt only with the points iodieatod 
in yoor Jfltter, but it must be borne in mind that, in 
addition, there have been other oDatabutoiy caa^ee, e.g., 
the general inorease of knowledge- amcwg the farming 
cammonity and the withdrawal jof inferior liiad from 
arable oaltivation owing bp the fall .of prices. 

I am, yonr obedient servant, 

■(8d.) T. H.-MTDDLKTON. 

Axst. Secretary." 



" D^PABTUBNT OF . AoniovxiTcitAi. Chemibtut, 
Baciebioloot asd Flai^t-Bbkbdikiq, 
K*iSER |W:lhelm. Institutb von 
Agriculture, Bbohbbrq 

{Qermtmy), February 2, 1910. 

Honoured Sir, — Accoiding to my view each of the 
fonrfaotOTB eet forth by you ha^anteeeential part in effect- 
ing the total increased in yield. ' I attribate the largest 
share to the inlluenoe of aystematioidly selected higher 
yielding varieties. 

The ex^Dsive and discnminating -aRc. ot artificial 
fertilizers has likewise conti-ibiited vci^ eesentially tO' the 
increase in yield. 

Less important but always noteworthy is the im* 
provetnent in the handling of animal mamire. Indfwd the 
proper care and beet use of animal mannre (particularly 
for hoed crops) is always of great interest, so that itfl 
app^catioQ to the field is without doubt mote to the 
purpose than formerly; but fondamental pcogcMi 
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' in this liiu o%n BOnroely be i-acogmzed. On the other 
hand graen manuring, aspscialiy in the very hamid parts 
of Gentum; has been of greit importance and hw con- 
iribated materially to«%rd the improTemeat ia the 
cnltore-oondition of -the soil. 

Thtongh the infroduotion of the yeUow Inpine mto> 

Germany in the fifties, and, the aBhieTemeats of Bchultz- 
Lubitz in the eighties of the last oantary, vety ugaifloant 
progress was made in thia line ; and it mnst bs granted 
that about 500,000,000 lbs. of nitrogen are annnaUy 
secured from the ait through the activity of the root- 
tuberole bacteria aasoaiated with the legumt- crops grown 
in (Germany and for the most p.brt this is turned into the 
soil. More recently gi'een manuring has also been prac- 
tised on the better lands and with good results. 

Better rotation and tillitge have also contributed 
materially toward the increase of oar grain crop. Until 
the beginning of the nineteenth century the common 
three-field system* with its small yield prevailed throngh- 
ont Germany ; gi'oss crops having been introduced into 
the rotation only in certain seotions. 

The general adoption oi our bettor rat>atioa systems 
was brought about by Thaer'swork and teaching in 
whioh has bedn incllided hoed oropj, and in the last 
deoade they greatly expanded sugar-beet oultiTation. 
The heavy soils have thns been greatly improved. Of 
fandameatal importance in succesatul augai-beet culture 
is the condition oftbe deld with respsct tQjnoiatare.uid 
drainage, and in oonseqnenoe gietiit areas of our arable 

'This uaaallj me ins ons jo^c ot faW-Mwa grain {an matsc whaaC 
OC >fe) o&eyeiir of apitiu[ gnia (na odts or bjriey at apring whwtj lot- 
Imd b; oao ym ot uQoir in whloU tun at vm WMla km plsoiliii 
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land have be^n drained Rince the middle of the Inst cen- 
tury, and this impiovenieat liaa also made poSBible the 
higher yields of grain. 

' It is diffiettU to eitprass'ia figatiea the relative iaftu- 
eiuse of each of the fonr factors yon have named in 
bEu^iqg about oox total iootaase in yield. . . . 

With highest respeot, I lemain, 
' Very troly yonra, 
(Sd.) GBRLACH." 



" SoNioi^BBBQ, I. Pn. (Gtermanv), 
Februari/ S, 1910. 

HoQoared Sir, — Yonr (jueBtions are very difficalt to 
answer within the limits of a letter. 

■ : -The progreas of Gennan agricnlture has heen very, 
marked during the lust <jO years. I attempt to answer, 
your questions briefly as follows : — ; 

1. The iunprovement of seed has had much influ- 
ence during about the last 10 years, and eaoh year more 
emphafliB is being laid npon seed improTement. 

2. - The nee of commercial fertilisers inoreasea from 
year to year and they are now more largely used in 
(Jermany than in any other European country except 
Belgioffl. Oommeicial fertilizers have oontribnted very 
largely to the increase in yield of oar field crops. We 
are striving by their continued use to raise our yields 
still higher, and this rasult is slowly but solely being 
Mcompliahed. We m«ke better xm of stable nianure 
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than formerly and green maBUies ore tued with good 
resnlts in sandy soils. 

3. The rotation of orops has not changed materi- 
ally duritig thB luBt thirty years. In general good crop 
rotations are pra'^tisea, but they have had no great 
influence upon tbe inoraafle in crop yields. 

The better preparation of the soil has been import- 
ant hecaase deeper cnltivation has become more general. 
This is a matter of much significance in onr agrionltnre. 

Very truly yourSi 

(Bd.) STOTZBR." 



" AGBICUI.rUIiATj KsPERIMENT StATIOK, 

Dabmstadx (Germany), 
February 10, 1910. 

Honoured Sir, — I have delayed answering your es- 
teemed tetter, because I wished to send you with my re- 
ply, a UtUe publication, from which you will see that the 
yield per aore which we have already attained are those 
which may ycA be aecnral by more iiitensivf: Fertflizint^. 
In this pubbcation I have written only regarding the 
fertilizing of meadows, bat in other pablications you 
will observe that there are not only hungry meadows in 
Germany but also still many hungry fields whose yields 
may be further increased fay ferf,iily:in^' luoiLn hsaviJy. 

It is evident, however, that the increase in yield 
which may be obtained solely by soil enrichment has a 
limit and this limit has already been reached in many 
oases in Germany. If we wish to Beooze still laigez 
u 
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retiuiu, the result is not to be achieved, on very many 
farms, only by the applicatioi] of more plftnt-food ; bnt 
it will also xeqatre better preparation of the soil, the use 
of the beat bred seed of ihe best varietieB, the best oare 
of the cropB, eradication of weeds, etc., in order to 
maintain conditions under which the highest possibility 
is afforded for the larger amonnta of plant-foods to be 
izansformed into plant substance. 

Daring the last decade we hare been working much 
in this direction and with large resnlte also. Machines 
for the better preparation of the soil have been forth- 
comiiig ; the weeds are destroyed, the eoil is worked 
better and to a greater depth ; and by means of green 
manoreo, especially the hamus content of the soil has 
been increased. More suitable varieties of plants have 
been bred, attention has been given to these better bred 
varieties, investigations have been coaducted to ascertain 
the beat aniouiit of seed to plant, the best distance to 
allow between rows in planting, etc. 

It is difBcnlt to say, however, which factors have 
contribnted, most to increase the yield. If one surveys 
the last 40 years, it can well be said that the increased 
yield of the first 20 years was produced especially by the 
use oi fertilizers, but during the last 20 years ws 
lecognize the indueitce of the other faobois, which in 
connection with the erer-lnoreasing use of artifida) 
fertiliKers have resalted in raising year by year the 
average crop yields of Gtermany. We have not yet 
reached the goal, however. In all lines ai Agrieoltaral 
production a signifloant increase is stiU possible. 

Very respectfully yoora, 

(Sd.) WAGKEB." 



m 

These few words will, I hope, prove sufficient to put 
the inteUigent raiyat on the fair way to make for himself 
the ndoesBuy diuorenes that will help him to inoieue 
his letnzDB, get, by d^nes, faiily independent of the 
moaey lenden, and impioTe the lot ot himself and his 
iunily. 



RICE. 



Dhanya, one of the Sanskrit names for rice, means 
the suppoctec or uouriehec of maukind. It is the staple 
article of diet for more than half the human family. Bat 
it IB a mistaken notion that throughont India rice is eaten 
iaily by ^1. In many parts of the country it is a luxury, 
and, even where .plentifully grown, it is supplemented 
by cheaper and coarser articles of food. So much, 
however, is thought of this cereal in Bengal, the gieateat 
rice-growing difltrict of India, that, after new rice has been 
leaped, a grain me^ure is tilled with the fresh unfaoe^d 
rice, pieces ot gold, silver and copper coins, and cowrie 
shells, and these are worshipped as the representative of 
4he Groddess of fortune, and, on the Thareday of each of 
the three following months, it is brought oat for farther 
worship. In the ordinances of Mann food is used as 
synonymous with rice. 

As the field crop in the Malay Peninsula is termed 
padi, the English called unhusked rice '* paddy," whilst 
the word ' rice ' appears to be derived from ' ari ' to 
separate, hence Tamil * arisi ' for hnsked rice. 

The total area under rice in all India is 68 million 
acres, of which 40 millions are in Bengfil, 6 millions in 
Madras, 0^ millionB in the United Provinces, nearly 4 
millions in the Central Provinces, 1 million in As8un» 
I a million in the Fnnjab, a similar number in Ooorg, 
and comparatively small areas in other provinces. 
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AconBtomed as we are to find the plant spoken of 
merely as rice it is somewhat surprising to learn that 
there are. in Bengal alone, 4,000 different eorto, suitable 
for different soils and climates. And yet the Vidian 
peasant knows the rarions kinds and the right places in 
whiohtogrow them. Mr. C. U. Clarke, an experienced 
and accurate botanist, speaking o£ the marvelloos intui- 
iive knowledge poseesaed by the heieditory paddy-cnlti- 
vatore, in recognizing the differeufc kinds of riue, says : — 
" I do not kncfw how, in the yoang state, the cultivatiar 
tells the uri (wild rice) from the aman (winter rice). 1 
cannot. " And Dr. Watt adds . — " It ie far mme snrpris- 
ing to find the cultivator pick up a, handful oE dry grain 
and affirm that it would be found suitable to a particular 
method at cntttration, while he rejects an almost pradseljr 
similar grain as unsuitable." With reference to this, 
Dr. Watt notices a remarkable fact, viz., that the riceB 
of one district are often so different from those of anotheir 
that, if interchanged, the one will not grow on the Gelik 
oa which the other has flourished for centuries, and 
xemarks: — " Here the European farmer is confronted with 
a problem scarcely known to scientific agriculture ; but 
although it is so difficult to follow hie reasonings, the 
rice-oultivator of India will detect the one from the other 
with a perfectly marvellous degree of certainty." And 
yet we have good earnest souls out fresh from Europe 
endeavouring to teach the raiyat how to select seeds I 

Water is apparently the one thing needful (or the 
growth of paddy, and the Indian raiyat is in accord with 
the ChiBamoQ in his belief that it is more important tha> 
seed, manure, tillage, etc., for the plant appears to grow 
in any dimate and adapts itself in the most wonderful 
linnet to varioiu soils, from the Btitfest clay to the 
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lightest sands, flourishes on peaty soils a.ni prodaces 
abaadant harvests on lands oocasionsrlly saturated with 
sea water. It can be grown even on uaar or saliae clay, 
proridad that an ample supply of water be given and 
evaporation from the soil be checked by never allowing 
the Barfaoe to bacome dry. 

Of the 40 million acres under rice in Bengal, 8S 

millions are devoted to the aman crop or winter rices. 
They ripen on inundated fields and are, in conseqoenoe, 
called the floating rices. 

Of these the Cholan aman is bown generally in seed 
beds and transplanted when about 9 inches high. It does 
not require deep water. It is sown in May, and reaped 
in October-November. 

The Boran aman is a coarser form, grown regularly 

in deep water. It is broadcasted in low-lying bottoms 
called bhils and reaped in December ox Jaonary. 

The J3oro crop is transplanted from the seed bed or 
sown broadcast from December to Febioaiy and harvest- 
ed in April and May. It grows an abundant crop of 
coarse rice, need by the poor ; the Shatia ta^ng 60 days 
to ripen from the time of sowing. As the crop is obtain- 
ed in the hot season it helps to lower the rates of other 
olasfeB of rice which have by then gone op in price. ' 

The Bfyru crop can grow in ten or more feet of water 
and is known to shoot up 12 inches in the coarse of 24 
honrs, as the aoimtry becomes inundated. 

Sown with it is the Raida rice and when the Botq 
crop is removed the yonng stems of the raida ore also 
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out, but they continue to grow and the paddy is harvest- 
ed in September or October, b^ing 10 or 11 months in 
the field. _ ■ 

The Aug or Bhadvi crop is sown broadcast in April- 
May, on high ^andy soil not inundated during the rains. 
It is harrested in Jnly-August. It is the least Taluable cA 
rices and forms abont one-sizth of the Bengal crop. 

Thns we see that rice ia harvested in Bengal all the 
year round : — 

1. . AuB harvest ... Jnly-Augnst. 

2. Cholan aman ... October -November. 

3. Boran aman ... December-January, 

4. Boro :.. April-May. 

5. liaida ... Sepetember-Oetober. 

As cowdung is used for fuel all over Bengal, one 
would fancy that the impartance of manuring is not 
known. This is, however, far from being the case. It 
is known well enough even when not put into practice. 
Every cultivator has his manure heap, and though he 
burns the dung for fuel, the sweepings of the house and 
ol the cattle-shed are carefully preserved, and the dung 
of the cattle docipg the rainy months. In Bengal, where 
the population is dense and each family holds about 4 
acres, there is sufficient manure for about ^ of the land 
farmed. This, however, Is not. as a rule, used for'the 
paddy crops. But, wherever the straw cannot be xised 
for fodder, it ia heaped on the iaad and burned with the 
atnbble. Where manure is pi-ocurable it is generally 
used in the seed beds prepared for transplanted paddy, 
and only when there is enough and to spare and it is not 
required tor better paying or more exhanating crops, is 
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a KfnaA on the laud where paddy is bowq broadc&et. In 
«ome placfis aman lands receive 20 baskets o£ dung per 
Ugha. Borne well'to'do raiyata in the Bardwan division 
manare a bigha with a mauad of dl-caike. Fonr tons of 
oowdnng is ooneideced a good dressing for an aore, bat 
few raiyats can afford this amount in Bengal. For 
Motihani, cowdun^ is used and ashes. In Watt'a Dic- 
tionary of Economic Products the aahes axe said to be 
used to destroy -weedB, Yet all over the country ashes, 
wherever obtainable, are used for all crops requicing a 
heavy potash dieaaing, and there is no doabt that it is for 
this purpose the raiyat employs it, knowing, from tradi- 
tion and experience, its utility, though ha may not be 
aware of the chemistry of the crop grown, nor of the 
action of the potash on plant life. The raiyat every- 
where admits that the application of cattle manure to 
the paddy fields is beneficial, and peaaante somewhat 
better oS do use it and get better crops than their ueigh- 
bonrs, bat the ratyat's stock is too limited to spare 
mannre for transplanted rice, though he manures the 
nurseries heavily. Where the population ia dense there 
is, of coarse, a larger sapply of manure, bat in no part 
of India is the natural supply suflicient, and, till now, 
artificial fertilizfira am practically unknown. Experi- 
mente have been made and with decided success, but it 
requires mote than an ocoasioiial experiment to introduce 
eo great a novelty aa artificial fertilizerB. Bonemeal 
was given to certain raiyate and the results were very 
eoooiiragiag, as they showed an average increaae of 670 
lbs. of paddy per acre by the use of 240 lbs. of bone- 
meal, costing 6 nipeesl Dear as this is, the increase was 
its. 9-8, so that even the first crop paid for its use. In 
1905, the Director of Land Becords and Agriculture, 
Bengal, issued the following interesting resnlts of the. 
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expenmente for 12 yean with nwnQTe on paddy loads in 
ihe Bacdwan £ana : — 
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Bernards. — The figures in columns 2 and 3 are 
calcalated at the avorage of 12 yeocB (1891-2 to 1902-3V, 
and those in oolomna 1 and 5 at the average of three 
yean (1900-1 to 1902-3). 

Attention is inTited to the results of the ezperimeuts. 

with manure No, 9, the last on the list, viz., 3 m&uodB 
of bone meal and 30 seers of saltpetre per acre. The 
.method of oaltivation and of application ojE manure No. 9 
is as follows : — " The bone meal Bhoald be spread evesly 
on the earfaoe at the time of the first or the accond 
ploughing, so that it may get thoroughly mixed with the 
soil in the course of the later plonghings. It is not 
washed out by rain. But the saltpetre may be washed 
out and therefore should not be applied till the seedlings 
are fairly established after transplantation. 

The ^saltpetre should be mixed with four or five 
times its veight of powdered earth and spread broadcast 
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over the growing crop. It would be better to apply it 
in two instaliDents tA intervais of two or three melra." 

Thongh a notioe accompftaied this report statiiig 

that a cettain quantity of these manures was available fbr 
free distribution to raiyate on application to the Overseer, 
Burdwan ijarm, on the rners condiiioQ that the appli- 
oant should leave his name and address and promise to 
report on the result of the experiment, it is doubtful if 
many availed themselves of the free gift offered. It ia 
□ot known how far the uotioe vras spread among the 
ouItiTating population, and, even if they were awatre 
it, it is quite possible the Indian farmer considered the 
whole thing as a ruse on the part of Government to 
ascertain the real produce of the land and possibly to raise 
the land-tax. Anything i& possible, and more extraordi- 
nary things are probable in India. 

But it is not owing to the want of manuring that 
scarcity 3,rises. It is to the failure of the zaiuB in Sep- 
tember and October that all famines in Bengal have been 
dufl. How far, however, short years, which are oi mors 
frequent ooonzrence, arise from the depletion of a wonder- 
fully rich soil, it is difficult to determine. One thing 
is certain that in ordinary years the use of a well-balanced 
fertilizer would increase the harvest enormonBly and its 
continued application wouU so improve the paddy crop 
that the present poverty of the peasant would soon be 
changed into comparative wealth. It is true that, when 
bought in small quantities, the outlay onarti^flcialfertiliiars 
is somewhat heavy for the Indian peasant, bnt in the 
gata, ot mntoal help system observed in some villages, 
where 6 or 10 laiyats, each the owner of a plough and a 
pair of bullocks, form a dab for ploughing their lands in 
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cotmnon, we have the nucleus of co-operatiTe sosietie^, 
which would enable the small farmers to bay manatea 
on credit, the vast incteaae id the harvests enabling them 
to pay their debt and put by a part of what was left for 
fnttire purohaaea ol fertilizers. ■ 

The average return of paddy per acre, aooordiag to 
the. Jonmal of the Agri-Hortioaltaral Society of India 

(Vol. 1, Kew Series, 1867), is 27 to 33 maundB of paddy. 
Bat Dr. Watt thinks this more than doable the yield over 
the total area, which he places at not more than 10 mannda 
per acre or 827 lbs. of grain. In the MadrM Presidency, 
Tanjore, Gh)dayery, Kisttia, Malabar, and Canara are the 
chief paddy-growing districts. The yield ranges from G 
to 40 manndsor 480 to 8,200 lbs. of grain.theaverage being 
1,200 lbs. On good wet land three cfops can be raised in 
the year, on fairly moist land two crops, and on uplands 
one crop. 

The nurseries are heavily manured with dung, ashes 
:and rubbist. That manuring is thoroughly appreciated 
in Southern India is evidenced from the fact that every 
kind of refuse procurable, except human ezorementa, is 
used in the manure heap. The District Manual says : — 
The dung and urine of cittld, goats, and hoi'ses, asses, 
sheep and bats, ashes, lime, aweepings of houses, bark, 
muck from the tanpit, milk hedge, varagn and other 
straws are snma of tlic^ many substances commonly used 
as manure, and it appears that many of them are applied 
only in particular circumstances and on highly acientifio 
principles. The practice of dilating manures with lai'ge 
quantities of water seems to be known to theraiyat, and 
various modes of making, altering and correcting soil 
«re well undentood." 
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Fields on which two otopB ace r&ised par aajxamw^ 
manared every year ; but single crop lands ttte muwred 
only once in every 5 years. 

As a role mamuo is nol, consiJered essential, when' 
water ie saflicient, unless the land is poor. But uQder 
tanks and wells the fields are tnanored heavily and great, 
pains are taken to ohtain it, sheep being penned on th& 
land) refuse and ashes ploughed in and silt from the 
beds of dried-up tanks spread over tha fields in small 
holdings. All over the presidency leaves of trees are used 
as mannres. The knowledge of the virtues posseased by 
the leaves of certain trees ia widespread over India. An 
interesting paragraph from Watt's Dictionary of Econo- 
mic Prodncta, illnBtrates this clearly — " The leaver and 
twigs of the "Adkaioda vesica " are used in rice fields to 
kill aquatic plants. I doubt if this is the only purpose for 
which they are employed and it appears pretty plain that 
their pnrpose is not manurial, ae stated, for they are 
gathered off the field when the water has gained an 
objectionable flavour and the aquatic plants are killed 
before the rice crop is sown or transplanted, thongh some- 
times it is ploughed in. Instead of the Adhotoda veaiea. 
or Basuti, ihe Cedrala Toona (the Toon) or Melia Amdvror 
ckta (the Neem) ia used." Again is added " when only a. 
manure is required." Though these may be the only 
plants used as mannres in the Sntlej Valley, the leaves of a 
great number of othov plants are scattered over the paddy 
fields in the Madras Fresidenoy and allowed to rot when 
ploughed in,- so that one would have expected a deeper 
study of this particular subject from the Agricultural 
Department, considering the remark that immediately 
follows, VIZ. : — " In all these cases it will be observed that- 
plants which possess powerful properties are resorted tOv 
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in place of Qumerous other weeds, wliioh might more 
cDDTeniently be used. This same idea seems to prevailin 
man; other parts of lodia — as, for example, the almost 
nniTenal opinion, that the leaves of " Caiotropia Oigantea 
{the Ak or Madar — a plapt with a moat powerful milky 
sap) ie A valoable manure for lioe luicl and a specifia 
Against the injurious growth of reh (alkaline) efflores- 
oence. It is difficult to understand what particular merit 
thatgrsen manure uould have, or any other green manuze, 
in neutralizing the reh salts aoless it be that suitable acidB 
aire freed in the ooutse of decompomtion, bat, as remarked, 
the idea that it does possess some such property is very 
widespread in India. " And here follows a remark which 
brings w as neai' as possible to the true solution o£ the 
-goestioii as to the value of these green manures and their 
red action in the fields, viz. : — " It is most noteworthy that 
the green maoures in most general use in India are, like 
the BaSHti, as far removed chemically and botanically as 
ihey well could be from the crop intended to be cultivated 
and are plants with powerful active principles. It at least 
aeems more natural to suppose that the strongly foetidly 
scented leaves would impart an injurioos flavour to the 
vrater sufficient, as is believed in the Sutlej Valley, to kill 
■aqaatic weeds, than that a few twigs of this plant could 
have a special merit as a manure, If this supposition 
prove correct, it may further be found that the habit of 
using the plant in the oonstmotion of wells (a use report- 
ed in the Oudh (lasette) may be connected with the 
knowledge that the green soum so common on every sheet 
of water in India will not be found in the pieaanoe of a 
few twigs of this plant." Ih Chingtoput (Madias), it is 
used with other leaves employed as manures and is in 
special request for saline soils. In South Arcot and in the 
Eistna Dittriot it is believed to be benafioiftl to crops 



blighted or diwaeed, and in sevefai dietriots itiB spiead over 
paddy narseriss. In Coimbatore it is growa in hedges 
ftroond betel gardens and, though certainly not a manure 
in these oaseB, ia there of set pnrpose and proves its 
ntility. That the purpose is not that of mannring is clear 
from the ftwst that in the Eangra the plant ii burnt by 
the washermen, who use the ashes for washing clothes in 
place of carbonate of soda (sajji mntti). One would 
BoaEoely think of adding carbonate of soda to alkaline 
boQb already overcharged with it, and the object to be 
obtained can scarcely, therefore, be manurial. Perhaps 
we shall come near to the point if we' remember that in 
CJ^lon all villagers believe in the virtues of Eeppetiya 
(croton lacoifetnm) as a manurial agent and use it in betel 
and garden oultivation, and that there dXl aromatic smell- 
ing leaves are said to be valuable as fertilizers. Mr. J. B. 
Carmthers came nearer the mark when, at a meeting of 
the Northern Districts Planters' Association (Ceylon), he 
spokeonPlant Sanitatioii, beginning with the remark that 
sanitation was ceoognized in human medicine and with 
animate, but was not as yet recognized with regard to 
plants. People understood, he said, that dead bodies 
ehoold not be left lying about and other such rules, and 
he wished to impress on them the neoessity of observing 
the same rules aa applied to plants. I shall return to 
this point when treating of rahing as practised in the 
Bomlray Fxeadency where rice is grown in districts 
where the rainfall is very heavy. It is important in a 
country like India where the same oiops are frequently 
grown, year after year, on the same fiefds witb Httle 
or no rotation, and is the only explanation of the sadden 
widespread and deadly attacks of disease that rain the 
crops ol a whole diitriot. 
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As meDtioned before, manuring is well understood 
in the Madras Presidency and very maoh resorted to 
wherever Bofficient in available. Bat oven wliere the 
crops are ooiuidered wall m&nared praotioal exporiinenta 
with well-balanced artificial fertilizers prove that a great 
and paying increase oau be ubtaiaed, and that if all the 
fields as vail as the nuiBerieB were fertilized there woold 
be an immense increase in the harvests.. 

The following ace a few reports of sacoeaafnl trials : — 

ViBIHOHIPUBAM, NOBTH AacoT, 
Srd January. 1903, 

Your letter of 2nd instant to iiand, I am sorry the 
experiment is on very poor soil, slightly soar and hitherto 
totally neglected by lease-holders. With all that, the 
standing crop ia very good and for many years past not 
known to have been in such a good state, considering the 
impoveriahed state of the aoil. The leanit of the appli- 
cation of that splendid fertilizer on that poor land ia that 
the crop is equal to that from the best land nofectilized, 
and considering the poorness of the aoil the resnlt is 
worth reporting, but as the experiment is not'On the best 
soil, I donbt if the result will be of any value for you 
to see. If yon find it worthwhile yon are perfectly 
welcome to it. The crop will be harvested on Monday 
or Toesday. My desire is to take a large area ander 
aelf-cultivatdon and use fertilizers on various products 
and invite you for the result. The lands were all leased 
out lait April ami T was then employed. I wiU have to 
wait for a time. Two weeks ago I planted j acre plants 
for nursery beds, } received only one basket of fertiliaen. 
The result ie marvellous. If you find it worth reporting 
I shall nii^e a note of it in my diary and watch results. 

Yours faithfully, 
(Signed) C. V. SBUtlVABi. BasTBi. 
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NoBiH Abooi Disisioi, Madbab Pbbbidbnoy. 

Wetland watered by channel from Bivei FbIu: 
about 11 acre, 2 orops aBaessment: 

Nnneiy bed was prepared on tbe 8ih Augast, 1902. 
Bix biindleB of leaf-manure used, and the nceHn sown on 
0th Angnet, 1902. Ploughing commenced from that date 
and the plants were set on the land thus prepared from 

the nursery bed on the 8th and 9th September, 1902. 
The land was divided into six. plots, and the six plots 
received equally : — 

2 ewt. bonemeal. 
1 cwt. kaicit. 

6cartioadsoffariiiyard manure anda quan- 
tity of indigo refnae. 

I considered the quantity of manure was quite 
insuldcient. It was done bo on account of two reasons, 
Tiz: — 

(1) The little faith we had regarding bonemeal and 
kainit, and (2) to see the yield for the Bune amount 
emended last year in purchasing leaf-manure. 

Bain set in and on the 11th and 12th of September. 
It was so heavy that the crop sustained a damage of about 
S per oent., and as the land was flooded I was obliged to let 
oat water oomj^etely on two oocasions. It should be 
noted that tbe first plot which was not much beaten by 
rain grew bo high that before the heads of grain were well- 
formed,, the plants fell flat to the ground, unable to stand 
17 
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the wet. The crop was ha.rvested on the 1th JanuKCj, 
1903) and the resalt is showo- thai : — ' 

Vi«l<i 
mwiiuM. 

Bb, a. F. 

1901-02. 4 cartloai^B 1eii.f [oanure 
6 ' „ f&rmyacd 

manure. 9 8 0 '769= 

2,466 lbs. 

190it08. 2 cwt. bonemeal. 
1 „ kainit. 
6 cartloads farmyard 

manure and a small 
quantity of indigo re- 
fuse ... ...9 8 0 1089= 

3,539 lbs. 

ThTie the same expenditure on the same land fetch- 
ed a clear profit of 330 measures (1,072 Ibe.) extra. 
Besides this the land is ready for a second crop (three 
months* crop). It is a pity that I did not weigh the 
straw, which to the naked eye will be at least 25 per cent, 
more than the previoua year. The land waa not known 
to have produced more thaa 600 measures ander the 
leweholder, who totally neglected it for the past 30 
years. 

Dry land irrigated by well, wmglo crop tas, about 
I acre divided into eis plots. Two plots received 
about 8S lbs. bonemeal and only 5 lbs. kainit. The crop is 
doing remarkably well and there is a marked differenoe 
between thia md the other plots. Full report will be 
given after the hurrest, which will be at the beginning 
of A^il. 

(Sd.) 0. v. SBumrASA Sabibi. 
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Experiments with Paddy. 

Mb. Sbinivaba Sasibi's -Ijahd, 1^ ao^bb. 
bb81ilt8 tabulated. 



Mtnnra nied. 



Yield. 



0 

rot 



Oftttle uftnuie, 

ZmI mould, 1 oiri- 
loadi. 



Bonomeal, 2 cwta. 
Eaisit, 1 owt. 



IbB. 



2,466 



3,S39 



Bs. A. 



9 e 



9 8 



Bb. 



.46 



Iba. 



66 



30 



1,073 



(Sd.) C. V. Sbikivasa Babtbi. 

VlBlHCHIPUBAK, NOBIE AbcOI, 

Dated 18th Ftbruary, 1903. 
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Bahipbi, 11^;^ Marehi 1908. 

THBSnnuB, 

The Madras Mail, 

'Sib, 

Doling this season of drought when every' nerve hu 
Jseen stnined to water a few aeleoted patohea that might 
froride grain for the family during the ensuing year, it ia 
worth the attention of the oultivatOE to compare those 
lands that have heen manuced with the ordinary manure 
«t the eonntry and those which have been treated with 
oonoentrated fertiliiterB. The fertile lands of Tinnevelly 
-and the lime soil of the North Arcot Pietrict alike show 
the deoided difference. 

Mr. Newnan, who in former years undertook 
similar experiments, has once more been rewarded with a 
hamper hai-vest; whilst the highest yield around Banipet 
has been 20 kullums per acre, with the ordinary cattle 
manure, his return per acre, after the use of ,Bs. 16 and 
Be. 18-10-0 worth of complete concentrated fertiluerB, 
has been 47^ and 40 J kullume per acre, respectivefy. 
This at Rs. 2-8 a kallum will show the profit already 
■obtained. A further profit almost as great may be expected 
from ragy on the same Selde without further manniing. 

From Tinnevelly Bridge I have the following leport, 
4ated saist February:— 

" There is a small piece of paddy land here belong- 
ing to the Finn (Parry and Co.), measuring A ftcre. 

for the crop that has just been harvested I applied a 
oomplete fertilizer to the value of B.B. S-S-S and the net 
frofit obtained on A of an acre is £s. 11-6-0 or Bs. 49- 
per acre. 
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The piece of land referred to is of very good quality 
and I was asmred by the owners at the snrioanding land 
that the manure would be of no use, as the soil was quite 
xich enough without it. We have had no rain at all 
amce the seed was planted with the resalt that a large 
percentage of the paddy wae diseased, bat the above re- 
mit is onlf for good paddy. None of the surrounding 
fields have given more than 1/2 crops or a profit of 
Bs. 25 per acre. 

The total yield from the above land was 3| kottas — 
previously it had never given more than 2^ kottas." 



Yours faithfully, 
(Sd.) Joh^Kehmt. 
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Thb Ediiob. 

The Madras MaU. 

Sib, 

Sinoe writing to yoa on the raBnlt of manuial ex- 
perimenti in Banipet I have reoeiTed further pactioiilan 
ol resTilts from Tinnevelly which will probably interest 
your readers. Three plots of very wet land were select- 
ed during one of the worst seasons. Plot I, was not 
maimred at all, and yielded 408 lbs. of grain and 9 ban- 
dies of atraw of the valoe of Bs. 14-4-0. Plot II received 
9 bandy loads of cattle manure and a half bcmdy load of 
dry leaves, ■valued at Rs. 8-4-3. Unfortunately the seed- 
lingB were planted a month and a half later than the 
proper season and the monsoon failed at the time the 
crops were ripening. Thus, thoogh the harvest showed 
622 lbs. of grain and 10 bandies of straw over the nn- 
manured acre, the net loss, in comparison, was Bb. 1-15-10. 
Plot III received 2 cwts. and 75 lbs. of onr concen- 
trated fertilizer or half the usual quantity, which at 
Tinnevelly eost Be. 10-12-0. The retom harvested was 
1,887 lbs. of grain and 22 bundles of straw, or Bs. 29-9-10 
more than Plot II and a net profit of Ba. 18-13-10 over 
and above the nnmanured plot and Ks. 20-13-8 over that 
manured with the ordinary manure used in &he country. 
Considering that half the requisite (Quantity of the ocn- 
oentrated fertilizer was applied during a very wet Beosoo, 
the figatea speak eloquently. 

Yoors, etc., 
(8d.) JoHH Eehhz. 
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I regret I ooald not get tihe retains frQiii field expen- 

menth' with concertr&ted fertilizei's on reh, soadu or kuHar 
soils. Having auooeeded with pot and tab expeiimenta 
I was glsd to see a bmnper crop in the field, bat thongli 
figures for tlie haiveat were promised they were never 
given me. The orop was as good as that on adjoining 
good paddy soil, aa far aa the eye could jndge of the ears 
of com. 

I have the record ol 0DI7 one small experiment, the 
first field experiment nndertaken on sdl that never gave 
any crop thoogh sown with paddy. 

Bnthar Beg five years ago bought some lud, a part of 

which waa certainly the worst specimen of sondu or 
alkaline soil yet seen by me. To this spot the washer- 
men of the village resorted to gather the surface salts for 
washing clothes. There were three patches A, B and C 
measuring respectively 30 cents, 30 cents and 15 centa 
(an acre is equal to 100 cents). The plote lay thus ; — 

A draining into B at 1 and 
into G at 2. The soil had formerly 
been ploughed, manured and sows, 
bat never returned half of what 
waa put into it, and only the very 
poorest paddy, kottipoUai, that in 
consumed on the West ooast, but 
bad no value as food in the district, 
wa» planted. On December I4th, plot A received' 2 cwts. 
of ipedal manure. I regret to say I did not add potash 
which would have been very useful bat was too costly. 
In this, vellacar, a second class paddy, was sown. In B 
and C kottipoUai was sown about this time, the ground 
was flooded with the sorpbs water from the Thundalom 
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and Montthankal tanks and a certain amount of manure- 
waB carried o£E in the rush of water from A to B- 
through the chaoDel Ko. 1, whilst a little e&oaped from. 
A to C through No. S. For six weeks it waa imposaible: 
to tell ftoy difference in the plots. All were very back- 
ward. Then C began to die out gradually till nothing 
was left gEowing Gave in the dotted hnes marking the. 
rnsh from 2. B faded away similarly aa tat ob the dotted 
Hnea. A showed bare patches at 3. Borne grass covered 
ibem. 

I regret to aay all the three plots were equally 
neglected as the owner looked opon the experiment as. 
one of the crazy things Europeans will ocoaaionally do 
in this country. Plot A was not even weeded. 

Grain Straw. 
Theharvestwas:— A. Vellacar 150 lbs. 375 

B. KottipoUai 10^ „ 50 

C, „ li „ 

The analysis by Dr. UUman of Horn, Hamburg, of 
the worst sort of this soil, on which even grass would 
not grow, showed a fair percentage of nitrogen and 
potash, viz., O'lOS and 0' 14 respectively, hnt the phos- 
phoric ftcid was as low as 0'024, differing in this respect, 
considerably from the American alkaline soils. To an 
ordinary dressing with nitrogen and phosphatic manures 
I added bi-sulphatc ol iidtash after it had been neutral- 
ised with lime, and the result was far beyond my expeot- 
ations. As nullions of aoeea of snoh land lie nnnsed in 
India it would he advisable to try the electa of similar 
fertilizers which would act chemically on the carbonate 
of soda, release the carbonic acid and reader the soda an 
aid to the potaah, whilst supplying a auffioienoy of 
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nitrogan and phosphorio aoid for the nee^ of the crop. 
This would probably be very BuocesBful in Southern 
India. Where sulphate of soda is the difficulty some 
other oombiiiation would be neoeBgary, bat, thoogh t 
believa they can be chemically treated with aucceaa, T 
have not had. experience with euoh. uaU. Heavy dress- 
ing with lime would prove a help, besides drainage, bnt 
experiments on a small scale, beginning with pots and 
plots would not prove viry expensive, if the chemical 
afBnities ot the plant poiBons were studied and the 
neeessary ingredients (or these changes added to the 
manures. 

The manurial experiments with rice reported by 
the Bombay Department of Agricnltore nnfortnoatety 
prove of little nse to any one. 



In 1900 three varieties of rice grown on the Surat 
Pezm were reported upon : — 





1897-98. 


1898-90. 


1899-1900. 


Kamod 


1,360 lbs. 


2.400 lbs. 


1.111 lbs. 


Sutarval 


1,760 ■„ 


1.600 „ 


not grown. 


Bnkvel 


■-',984 „ 


8,394 ., 


2,128 lU. 



All we learn from thie iB that "the crops were 
grown from transplanted seedlings and that the rice 
beds were liberally mann»jd with farmyard manure each 
year." 



For 1901 we have 3,269 lbs. grain as the Kamod 
harvest, Sutarval is again not grown, and Sclivel pro- 
duces 2,365 lbs. In 1903 we have 15 varieties grown 
with harvests ranging from 1,616 to 8,188 lbs. gzain. 
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What waa to be gained by these flspetiments ve- 
cannot guess. It is doabtfal if the experimenter himself 
knew» as he writes: — "Bioe is a orop which ac^airas 
rtrong local ohataotoristioB, which, I beliere, are not pr«- 
aerred when the seed is transferred to other places." 
And this ifl all we learn about riix-growiqg. during the 
year. 

In 1904 " a quantity of nitrate .of soda was very 
kindly supplied gratis, throagh the Inspeotor-General ct 
Agriooltnra in India, by the Permanent Nitrate Com- 
mittee, London, tor trials on the farms." 

Conddermg the long continued and very Boccessful 
experiments on the Gavemmet farm at Bard wan, it is 
passing strange that this Presidency shonld wait till 

1903-4 to ivy experiments with concentrated fertilizers. 
There the mutuFes used were complete, here a nitroge- 
nons manore was considered suflicient. When the law 
of minima is ignored the best fertilizers may prove hope- 
lessly inefficient ; and yet it takes years before the sensi- 
ble way of doing things is commeooed. Even with the 
best resnlts nothing ooald be proved except that during 
certain aeasons those particular plots, having a sufficiency 
of the other mannrial ingredientiK, benefited considerably 
by the appiicatiou of a v^ry important fertiliser for 
cereals. But no general deductions could be drawn 
from such applications. 

On the Surat Farm in this particular case, with 
90 lbs. nitrate of soda used per acre, the harvests were 
on thzee plots : — 



TTnmanuced 


' 1,029 lbs. 


1,714 


Manured 


1.748 


2,535 
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'^eUingmoBt decidectiy in favour of nitrate of soda, an 
expenditare of Rs. 4 giving a retnrn of Kb, 17. But 
even in the same spots, in course of time, it ia more than 
probable that applioatioDS of the same fertiluier vould 
result in rapidly diininisliiu(< harvestB. On plot 3 at 
Pardi town the anmanured plot gave 2,514 lbs. grain for 
the hai'vest against l,f)67 lbs. when the nitrate had been 
naed. This is called abnormal, but no attempt is made 
■to trace the cause. No analyses of the soil were made 
in Older to ascertain if any plant-food ingredient were 
■abnormally low. Had this been done, probably nothing 
abnormal woald have been found, bat it wonld have been 
-decided that the return was what was to be expected. 

The reason given for the abnormal return is remark- 
-able. It is not difficult to understand thst nitrate of 
soda would be leas efficacious in a sandy soil than where 
a &icly stiff clay is to be found and this might explain a 
very slight difference in favour of the manured plot, but 
it cannot possibly be a sufficient reason for an unmanured 
plot giving a harvest nearly twice aa great as that from 
4he manured plot. 

OntheNadiadTarm the experiments would disgrace 
■a first year stndent at an Agricultural College. Five 
plots were manured with 16 tons of farmyard manure and 
five others had the same manure pins crude nitre (66 per 
cent, potassium nitrate). 

The increase on the ' fields treated with nitrate of 
potash were Sfi, 90 and 306 lbs. grain, the decrease 20 and 
100 lbs. The differences in the soil and the qnality of 
the farmyard manure could easily account for the varia- 
tions. The price of the nitre would have been more 
frodactiveaf goodhaditbeen given for sweets to the 
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Qeigfabonring raiyats. The desperate aittempto to aoooont 
for the difference are not even amoaing. 

In the " Appendix to the Poona IFarm Report " for 
this yeat we have an account of expeiimente with 
"erode" aaltpetre aE.ei ..manure Hor rioe, in the Thana 
DiBtrict (7 experiipenli^ at Pursik), Kolaba, (6 e^iperi- 
mentB at Chonk), ^nd in Foona (2 at Ehadakwasla and 
1 at Manjri). . ' ,' , 

That bungling should take place we are Jioi .Bar- 
prised to learn. . . _ 

1. Undar " Previous History " the wards Occur : — 

"An attempt wais made to ascertain whether 

the Tarieties' were 'the same in duplicate 
plots." (On thiB pcnnt no infonnation is 
vouchsafed). 

2. Babed areas were excluded as far as possible, 

but later it was ascertained that the 
. information first received was not reliable 
and some rabed fields were - treated with 

nitre. 

3. Also it was found that some plots had received 

manure. 

The method of application js not quite intelligible. 
Why two men weierei^uired, " one manaring lengthwise 
of the plot, the other applying it in a aiinUar manner 
walking orosswise of the plot " is not dear. 

The word " duplicate " never seems to be used by 
the experimenter in the sense in which it is ordinarily 
employed at agricultural stations. From hia report any 
second plot ia a duplicate, bowerex treated. 
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The txperimenta u> absolutely coatradictocy. One 
woald ezpeot that the application of nitrogen and potMh 
would lesult in a proportionate increaae in straw at least* 
but of tfafi 7 Pursik expetiments, 4 plots show an 
increase of grain in the treated plots, and in those four 
the increase io straw is gnite proportionate to the 
inorease ot grain, but in the otte of the other three 
untreated plots the increase over the traoted plots is as 
gtmi as it was the reTeree, in the other four plots. 0{ 
coarse DO deduction whatever can be made from theBa 
experimentA. 

Nor can we learn anything from the 5 Choub plots ; 
for, though 4 ot the treated plots give a better return 
than the untreated plots, varying from 25 lbs. to 708 
lbs. grain, in No. 11 the variety was not the satae in 
both plota, nor ace we given the average outtoxn of such 
varieties to enable us to form a judgment, and in 9 and 
12 there were small areas of rab, which might accoont 
for the differences in the harveat. la No. 10 there were 
also small areas of rab but the untreated plot resnlted in 
a harvest (4.4373 lliH. grain against 2,061 lbs. in the 
treated plot, though the straw was only 2,387 lbs. (this 
lookft like an «Eroc} in the untreated plot against 2,450 
lbs. in that fertilized With nitre. 

In the 12 experiments of the Khadakwosla series, 4 
of the treated ^ots are better than those nntreated, 6 
are worse. 

Of Maniri we learn merely that " potassinm nitiatet, 
iodiom Ditrate, and castor-oake were used. Castor-cake 
gave the best resoits." 

No details are given, no results tabulsAed, no quan- ^ ^ 
titles ol manures sop^ied, and so iit^niry bb to why a 
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oomplete ijl not well-b&lanoed mannra) gave better re- 
Hulte than fertilizers containing one, or at most iwo, of 

the chief plant-food constituGntB. 

The coacltuion ia about aa illogical as it well aughi 
be, bat pieTions leviewi have prepared tu for these 'ift- 
markable mental feats. It runs: — "In ooaolosion, it 

might he BMd that on the whole nitre gave gof>d results, 
but farther careful expetiments are needed, when all the 
previooa history is known." 

In the lab experiments of 1005, although only 10 
lbs. of nitre were applied instead of rabing the one guntha 
seed-beds the return was better than all the 16 previous- 
ty mentioned plots, i. e., all the rabed piota and the 
other so-oalled sabatitatee, rettiming Bs. 30, the highest 
net profit ; but, with a fatality peculiar to the use of 
nitre as a fertilizer by the department, it sinks to the 
last place, bat two. the next year, its harvest being 
above only the ' no rab ' and the ' lime ' plots ; and in 
the table of "results from seed beds " it holds the last 
place with the ' pulverised soil ' plot. 

Again on page 91 we have three crnde nitre tests 
(ho idea of its nitrogenous or other contents is supplied) 
and the results show a deareaea in harvest aooordingly 
as more nitre is supphed, viz., 80 lbs. nitre yields 1,665 
lbs. grain, 160 lbs. nitre, l,3tj0 lbs. gi-ain, and 240 lbs. 
nitre, 1,060 lbs. grain. 

Potash is also tried alone and yields 1,440 lbs., or 
more than two of the nitrogen and potash^ lots. 

The next year the haiTests are very mach smaller 
thoi^h the plot manured with twice the amount <rf nitre 
gives a decided iuotesM in grain, the potash plot retnms 

18 
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' only 660 IbB., the ' no tmrtnunt ' plot falls to 844, and 
file new idea ot using: Iranes results in 320 lbs. . 

Any attempt at a complete maiDOre appeaiB fi>rbid- 
den. Ab to the * variety teats,' it is difficoU to know why 
these 63 experimentB were made. We ore told that the 
" cost of oaltiTatiQa is rather high on aooonnt <rf it being- 

our first year " ; but, in the statement following the cost 
of coltivation is put down at Bs. 7-8-4. . Abit moo&ta 
up to Bs. 42 the next year, the pnzzle beoomea greater. 
It may he that in 1905 only the rabed seed-bed area was 
taken into considera^tion, but in 1906 even this shows 
Bs. 25-4-6 as the cost of cultivation. 

In 1905 we have a harvest oE 20 Ibe. grain from No. 
l^Ghndya Semi Garva, 80 lbs. from Mo. 2S Bfljawal 
Garva and 83 tba. from No. 4? Tin Fakhi Kndai. In the 
table of the encceeding year these are no longer in the 
Ust. 

Nos. 1, 2, 3, 4, 5 drop in 1906 from 1,300; 1,280; 1,640; 
860 ; and 1,560 !ba. respectively to 306 ; 340 ; 791 ; IfiO ; 
803. In fact all down the list we have a similar falling off. 
The figares are just given in the hst, and, if one does aot 
like them, ha must needs just lump them. Barring the 
date of harvesting, there is little information to be obtain- 
ed from the notes as to oharacteristioB. The play on the 
wordfi white, red, reddish is neither very entertaining 
nor decidedly instructive. 

It would be a waste of time to go through the mo- 
ceeding series of nitre experiments ; for Chonk oontra- 
dicts Tfaana tmd the resnlts of 1906 are as bewildering. 

There is a remarkable note on page 33. of 1905, viz., 
*' It may be that the presence of nitre in the absence Jo - 
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oufficient water rnined the crops." It would be inteiui* 
ing to learn how, "recently manured fields often 
BufEer in a drought," One would have expected nitre 

decidedly QBefiil at suoh a time. 

TeatB were eontinned in 1907 with 268 Bengal. 

Taeieties. All we learn of them ie " the yield from eaoh- 
hed (size not roentionoti) varied from 2 to 83 and the 
produce was preserved for sowing in the next year/' 
hat we have 5 pages of tables aboat S39 that weie led, 
ceddish, white and greenish and are told that the rest 
•did not germinate. The dates of harvesting are also 
«4ded. And the sum total of what the year's work 
teaches us is nil. 

Of the 14 selected varieties of the presidency grown 
in two gnntha plots we haTo a retam, but what its valne 
ia to anybody we cannot say. In 1905 and 1906 there 
appeared to be no difference in price for the harvests of 
the different varieties. In 1907 differences appear bat 
"the sale prioe is not given. A.b all the held plots resulted 
in loeaea, and we are not vouchsafed a line beyond the 
tabulated statements, we must continue to wonder at the 
great amoant of^restlesB misapplied energy indiaated. 

Here also we find complete manures used, but an- 
fortnnately nothing can be leaznt from the nps aud 
'downs in different harvests obtained in plots manured 
in the same manner. 

■ To do any good the department must nndertake 
nee growing on a commercial scale and swies of expfiri- 
ments must be tried with definite objects in view. 

In 1908 we are spared the terrible tables of white, 
red, reddish, whitish, greenish, that enliven the pages of' ' 
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Um report as notes of oharacteristica in the variety 
experimects. We are satisfied to \ea.Tn that " the 
produce hm been reserved for lowing next year when 
some definite informatioa will no doabt be obtained." 
No doubt I We appear to have done with nitre alao, 
ezciept that a single experiment is reported on page 7 
in 1909 and another on page 8. 

^'o doubt rice has oooupied the attention of the- 
deportment for many jrears. If nothing hag reinltsd 

from it BO much the worse for rice. But from the 
pages ot these reports we find no improvement whatever 
in the onltivation of rioe shown by the Department of 
Agricnltiire. Ezperimenta with oattle manure sapple- 

mentsd by complete well-balanced artificial fertilizers, or 
the latter taking the place of cattle manure where it is 
not found in sufficient quantities may possibly give better 
and mote paying crops than those grown at present by 
the cultivators, and this appears to us the immediate 
obiect the department ought to keep in view. 

In the Bombay Presidency we have paddy grown in 
gnoh es'tremes of stul as the ootton fields of Broach and 
the salt marsheB of the Eonkan. Over 81 per cent, of the 
total paddy-growing area where the rainfall is heavy and 
.continuoos, labing is in practice. Bab means, ori^nally, 
miltivation, and it ia apparent from the very sense of the 
word that the natives do not think it possible to grow 
paddy well for any length of time without resetting to it. 
It conaiBta of burning the sun-baked land in the dry 
wcBitSier joit before the south-west monsoon. Oowdong^ 
collected and dried as cakes, is'spread over the soil together 
with loppingB from the ain (Terminalia tomentosa), dead 
leaves, inferior straw, pit manure of the wet season, 
ashes, house-sweepings and refnao and pulverized earth. 
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to excluiie the air as much as possible and to ena&Ie 
the whole to burn slowly. These soils, so heavy as not to 
bleak easily under the iuflueoce of the Bua, aire thna bucnt 
vithont anyptarioDB ploiighiag. 

Taking the yield of the ra&edA cowdonged 'plot at 100 
the manured but unrobed fields yield TS-S 
againatthe nnmanui-ed and mrabsd 60'3. 

In the south of the piesidenay where the ante- 
monaoon atorms are heavy and allow (rf sowing in M^, 

the fields are manured, but not rabed. The benefits 
derived from the ashes left in the burnt fields are 
indubitable, but it is more than doubtful if aU the care, 
attention and trouble would be bestowed on the riMng of 
these fields if the idea of manuring with ashes only were 
in question. 

Watt remarks : — " We know that marsh gas and low 
forms of carbon or organic acids, which injure crop plants, 
are produced by decomposition of humus in very wet 
soils where the supply of air is restricted." 

lean quite underet and the restricbioii o£ the supply of 
air, i.e., the want of aeration in heavy clay soils, but marsh 
gas and organic acid, say at Lanavla, are not to be thought 
of. In the Bombay Presidency manuring for paddy is 
thoroughly understood and praobised, but nowhere in 
India is unnecessary trouble undertaken by the laiyat or 
expenditure on his lands that will not pay. People may 
tell him it is iolly to burn hie cowdung on the land 
instead of ploughing it into the soil. He has behiod 
bim thousands of years of tradition, and I un inclined to 
think a tradition based on truer science than our present 

agriculturists can teach him. It is only a few years 
ago that the Anglo-Indian newspapers drew attention to 
Bulletin No. 40 by OswaU Schreiner and Howard 8. Bead 
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-of the United States' A^oaltniol Department. Their 
.theory of toxic effects is one suggested a year before 
■i & meeting oi the British Association, when thfr 
qneetion was raised bb to the injnrioos effiects of geaift 
upon orchards, It ttm admitted the soil lost do plant 
food, that ipration was not impeded and that grass wm 
not parasitic, and ao, as uo other explanation offeved, ii 
was deoided the gran must have some toxic effect. 

The only explanation we can End for this pheno- 
menon, the only reason that can satisfy ns ap to the pre- 
sent why in weU-manured beet fields the plant will not 
grow for a auccesaion of years unless, to use ai^ lodiaa 
expreeaion, the fields be rabed, the cause of the Buddem^ 
imaBOOxmtable failure of the indigenooa groundnut in 
Soutubem India, and of the Mauritius sugarcane after a 
BUccess of 20 years in Bengal, together with the oft- 
recurring potato blight in various parts of the wotid, is- 
the theory started some 2S years ago by Dr. Jaeger in 
his " Soul of Plant Life." The subject is important 
enough to occupy a few lines in this chapter as I believe 
Dr. Jaeger's oonolosions to be the foundation of much iA 
the Indian rotation of crops and have a great deal to do 
with the peasants' use of strong scented leaves employed, 
as is popularly considered, for manurial purposes. The 
diaooreries of Kienoe in Europe, daring the last qnarter 
of a century, are, in India, the petrified customs derived 
from hoary antiquity. Some years ago, with loud beat of 
drum, it was announced that an American had discovered 
thewondeifnl power of billing bacteria and algea posseu- 
ed by a very slight solution of sulphate of copper. Yet in 
India this must have been known for thousands of years, 
every one who could afford it having used copper vessels 
for fetching and storing water from time immemorial. 
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The knowledge of legumiaonfl avopa and weada ia 
perhaps greater and more widespread in India than any- 
, where else. Ooe should not, therefore, be Bntptised to 
learn that the oOBtoou of the Indian rtajai with reference 
to rabiitff paddy lands took its ongin from the dictates at 
Bcience in far-off ages. 

From the Hesearches of Professors WUfarth.Wimmer, 
and Boemer of AnhauH and from Bulletin No. 40, U. S. 
Agrlonltorol Department, referred to aboTe, it miut be 
admitted that plants excrete. Why this should have been 
Bo long denied or have even formed a subject of discussion 
is a puzzle to me. That plants have different scente is 
apparent and it is eqnally evident that the different 
parts of the same plant smell differently. . Kow, in 
animal life, it is recognized that sympathy and antipathy, 
often the most violent, arise ffom the odour that ema- 
nates from the animaL There are also some animals that 
loathe the excreta of others and some that feed and 
fatten on snch excreta. Does this sympathy and 
antipathy, oriaiug from the same cause, exist in plant 
life ? In Theophzast, Hist, plant IV., 16. 6, we find 
"Certain plants do not, it is true kill others, but they 
make them deteriorate by their sap and- exhalatioDH, as 
for instance, the oabbage and the laurel act upon the vine* 
When the vine branoheE approach them they are eaid to 
tnm and get out of the way as if the smell were unplea- 
sant to them. Androoydes used this hint to preecribe 
cabbage as a means a^^nst intoxication, since the vine 
branch eren in life avoids this smell." 

Jaeger gives a remarkable inetanee of the antipathy 
mentioned, He and his neighbours had vines planted 
in their back-gardens of the same sort and by the some 
gardener. Hie neighbours' Vines all grew in ^endid 
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cOQdttioii. Hie were backward and in danger of dying 
and he could not possibly account for this remarkable 
difierence till he found he had plaute4 cabbagee Alongside 
the Tines, while his neighboars bad not done so. 

It is well-known that many species of plants driTe 
other allied speoies from their neighhonrhood. In this 

relation Achillea Atrata stancta to Mosehaia, Primula 
Alatior to O^iciaaUa, Bhododendron Alpvnum to Hirsutuni. 

There can be scarcely any explanation for this but 
the smeii or effluvia, or, as chemietry may show later, 
the aotion of plant exoreta, acting ohemiooUy on the 
roots of others, or on the bacteria favonrable to their 
growth. 

In many parte of India, a weed, striga, springs up in 
the fields and around it a circle of dying plants marks its 
hanef ol effects apon the crop. There can be no question 
of the weed's feeding itself at the expense of all the 
plants in a circle whose diameter is a yard; nor can it be 
explained in any other way why nothing will grow under 
the tamarind and why the bamboo and gold-mohnr are 
so detrimental to moBt other species attempted to be 
grown under their shade. 

According to the new Amercian theory a toxin will 
have to acooont for it, bat it is just as likely that it 'is 
the smell and that alone that aickenB and kills the sor- 
Eonnding plants. This seems to be known in India and 
Ceylon to a certain extent and explains the use of strongly 
scented leaves on heavy clay soila to enable paddy to 
be grown year after year in the same fields. 

We have seen that in the Bombay Presidency where 
heavy and continuous rains ocoor and after the harreat 
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the paddy Btnbble remaina in ei soil tbai becomes hard-- 
baked in this torrid c\ima,ie,j'abing is resorted to. This 
IB also in accord with acientifio experimeotd carried oo in 
Genaany after beet fielda grown vitb the same crop, 
year alter year, refused to vetiim a harvest. Good soIIb 
burnt were rendetd worse ; bad soils impcored wouder- 
fally. In other words as animals lore the exndationi 
from their own bodies and thrive when they are not 
oancentrated, sickeniDg when the flMuviaiB orerconceD- 
trated, so also plaatB love the neighbourhood of others 
and improve by the ^udations and exhalations of their 
neighbotUB, till overconcentration of the efSavia in the 
soils takes place and sickness follows, unless meana are 
t^cen to rid it of the odour and its cause : and obe of 
these means the raiyat ham fonnd to be heat, applied to 
auoh an extent as to open out the soil and adinit of the 
■expulsion of the odour it aontaios. 

A more oarefol inquiry into the smell emanating 
from the roots of fruit trees and from grass, ■wil' probably 
lead to the detection of the c&Hse of suffering in orchards 
doe to grass. 

Fallowing cannot be wholly explained aa necesBary 
by Liebig's system, since, nowadays, fanning is so con- 
centrated that plant-foods are not wanting 'in the soil.' 
Jaeger's theory can alone explain the sudden rotting of 
the Manritius red sugarcane introduced into Bengal and 
flonrishing there 20 years, after which all suddenly died 
■down, owing to the attack of borei, whilst those no 
more than 10 years in the district were left ontouohed. 
In the one casa the effluvia overconcentrated in the soil 
led to sickness which attracted borer. White ants attack 
wood and ^ preference decaying wood. A mere layer 
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' of chwvoal keeps them oS. What can explain this but 
that the deodorizing effect of charcoal prevents them 
from gettiog the smell that drawa them to their food. 

I have gone into the qiiostian, because T find certain 
men, who instead of giving their best attention to ihA 
ttaditioiiB of' the peasant and endeftTonring to auderetand 
the reoBona, peihaps lost to the raiyat, ot theic Hjrstem o£ 
agriculture, condemn wholesale what the raiyat knnws to 
be good, and render themBelvea ridicnlons in the eyes of 
those tb^ wish to twoh. In the cnltiTatioii of paddy, for 
instence, some onltivators are of opinion that the lands 
ought not to be ploughed in Summer, for this would 
destroy the grasses and the success of the paddy is 
dependent on the growth of these grasses. In April- 
May, after a heavy shower of rain, the land may be once 
ploughed whilst the soil still contains a large amount of 
water. Instead of destroying the griiBses in wet land it 
will encoorage thmr growth. Later on, the land being 
quite satorated, two or three ploughings mix op the 
grMses with the mud and the seedlings of the paddy are 
planted. Di. Watt here remarks : — " There is, no doubt, 
some trath in the statement that grasses serve the 
purpose of green mannring; but that this h a one-sided 
view of the matter is evident from the face of paddy 
grown on lands which are not easily plooghed being 
often snbjected to what oultivators call the disease of 
Kadtmam." 

Here again it appears plain that gnus is not a grem 
manure bat that the efflovia from rotting grass serve to 

counteract or destroy the concentrated essence from the 
stubble and roots of the paddy left in the fields from the 
IMevions on^. 
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In the Annuat Report of the Department of Agricol' 
ture, Bombay Presidency, for the year 1908-1909, m 
find the foUowiog lemarks on the suhjeot : — 

" The rab esperimente at lK}iiaTlB were aontinoecl. 

Bab ia the name given to mateciaU, such as brao- 
chsB, oowdnng or other suhstaQces which an bninedasA 
preparatory treatment upon the aeed-bed wherein cioe 
seedlings are grown for transplantation in the fields. 
This castom prevails in the western pirt of the Bombay 
Preaidenoy, where the rainfall is from SO to 200 inches. 
This system of rice cultivation is objected to because of 
its injariooB effect upon the forest where branches are 
used, and the waste of nitrogen in the case of oowdnng. 
InTestigationa of the practice have been going on since 
1904 with the objects in view first to find thA reaeon for 
the beneficial effect of the rab and the second to find a 
snbstitnte. The reantts of the year are in line with those 
of previous years, in that they show that the greatest 
factor in the rab is not the ashes but the heat, hat how 
this acts is not settled. Several snbstitnbes have been 
foand to be as efficient as rab. Among them are fiah 
mannre, nitre, oilcake, sheep folding and cowdung 
ploughed in. About 120 lbs. of fish, 20 lbs. of nitre, 120 lbs. 
of kaeanj or niger oilcake, 80 lbs. of eafflower cake, one 
oart of poodiette, a small cart of farmyard manure or 100 
sheep foMftd for 4 days will give as good a Bapply of 
seedlings as ordinary rah. The cost of these various 
Babstitntes will vary with each location bat in general if 
lab material has to be carried very far, th^ will not b^' 
Tery much more expensive than rab. 

The experiments in field manuring gave indeoisiva 
reeulte probably due to water flowing from one plot to 
another at the time of heavy rain." • 
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The last sentence is rather puzzliog. If " several 
substitutes have been found to be as efficient ae rab (and 
itiyE> quite possible saoh can be learnt) tvhyhave we nob a 
lilt of ej^erimenti, the nature of the soil, the amoont of 
. the materials used, per plot, or acre, to t^e the plaoe of 
roMi^.the qbst, etc., with the percentage in regolts for 
each? Evidently it ia early to make so definite a state- 
ment when the experiments in field mannring gave in- 
decisive results. But let us examine the whole series of 
experiments mode with a view to the elucidation of this 
point. 

In 1904 it was decided to start ouce more the 
experiments undertaken in 1886 by Mr. E. G. Ozanne, 
•Director of Agriculture, Bombay. That a great deal of 
energy was employed to get to the bottom of the quest- 
ions to be decided is evident from the large number of 
tabulated statements published since the trials began 7 
years ago. 

The first puzzle that meets us however, (and the 
whole record is a series of puzzles) is the location of the 
experiments at Lonavla. Mr. Ozanne chose Lonavla, 
Khandalla, Igatpnri, Earjat, and Alibag, places on and 
below the Gh&ts where rabing is customary. Hie experi- 
ments are intereeting and their results in agieemeut with 
aetnal harvests in the vicinity of the experimental stations. 
The crops obtained, were in accordance with what one ia 
led to expect from the long establiahed customs of the 
country founded on practical experience. The depart- 
ment has lost much in neglecting to ocmtinue on the 
wne lines these carefnlly condueted experiments. To 
moke up for this we find a new series started in 1904. 
W« wish we could speak as favourably of them and the 
flucoeeding trials. 'With statistios it is said one can prove 
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that the moon is made of oream cheese. By um of file 
figures Tesaltiog from these experimente we oan coQclnde 
onythiag with «ach y&xt's tables, abeolately nothiag, 
vhen ths harrestB of the last five Tears are placed idS» 
by Bide. 

In the report for the year ending 190S (it is easiest 
to refer to it simply as the 1905 report) we have a brief 
statement of the results of Mr. Ozanne'e experimeDta 
and the dednotions he drew from t^em, -riz. : — " Cowdnng- 

rab is decidedly superior to all other rabs, Ain oomea 
next and Fangal is inferior to both aatabsd and 
nnmanured plots. Fair results are obtained fiom leaf 
and grass lah." , 

On a first view of the question it wonld appear tlut 
it mattered little what was used as the burning material 
provided the heat required was supplied, and we find 
this conclnsion jumped at in the very first report, in 
spite of Mr. Oxanne and in direct opposition to faots^ 
which might easily have been asoertained from the 
peasants around. In 1907 we have a view atated not 
quite in coneooance with the above. It reads: — "80 far 
as the flgnies given below prove anything, they indicate- 
that cowdung rah has justified its reputation among 
cnltivatois aa the best preparation for the seed-bed. The. 
yields are however much too uneren to be reliable." 
But, as the only thing we can gather from the report ig. 
that the figures are hopelessly unreliable because they 
are so uneven, we can only agree with the oonoluaion 
without seeing any logical prooesB of reasontng that lad 
to it. Thnmgh the hopeless jumble of oontradiotoiy 
flgnzes there seems reason to infer that the supply of 
potash in ashes is not by any means the object in view 
in xabing, nor is heat alone the cause cX snooeBsfsl }aai- 
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TestB, nor again the spparestly more Bcientifio ilieory, 
■that rtitrogeD-conaaming bacteria are killed in theproceBB 
>4nd oitcogen-producing bacteria, aalamander-Ukfi, emerge 
zBfreBhed from the ordeal. If rooh were the case, 
heating in any manner to the same degree ot temperatiire 
would saflice, Yet, contradictory as uoiiiibeis of the 
experiniente appear, they certainly allow us to infer that 
oowdimg rabing is better than rabing of any other sort 
and heating the earth off the field is not as good as the 
practice of the Indian farmers. This is abo in accord 
with the leaaltfl we find in the crop expetimeints made 
to settle the question of the incidence of aBseeament. 

The experiments wei% undertaken to obtain answers 

to the following questions : — 

1. What does the efficiency of rab depend npon? 

2. What rabs are the most beneficial ? 

3. Can any substitute for the present custom be 

f oond ? 

4. Will any after-treatment of the crop Beonte the 

effects of rab? 
No leas than 25 experiments were tried at Lonavla 
ae Been in the report of the year 1905. Apparently 
there were no duplicate plots till 1W7, when the 36 
expcrimentB became ten only, for cabing and tbe eub- 
stitatee that might possibly be used. In 1908 these are 
farther oat down to foot experiments in triplicate, and 
extended to nine in duplicate in 1909, together with thiee 
isingle pspcrrments in which charcoal, time, and common 
salt are used respectively to replace rabing, 

Before starting the experiments of 1905 an nnfor- 
tunate mistake appears to have been made in the 
seleetion of the soil, which may possibly aooooni for 1^ t 
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very remarkable reealtB obtained. On receiving the 
analyses made by T>f. Leather on eamplea of rab 
ma^als and eacthB, Mv. Mollison wrote : — " I have the ' 
honour to state that the Boil, before it was cabe^, waa 
■jaiety in Sne manurisl condition, and, therefore, imosaal 
in character. In all the eainples there is a high percent- 
age of organic matter abd oiino high percentages of - 
nitrogen. The ricelands on and under the'Qhits vhieh 
are aeually rabed, are of a very different character, and 
in order to get reliable information regarding the effects, 
of rabing, it would, I think, be well to repeat the experi- 
ments nnder more ovdinaiy oonditiona." 

The advice wae followed in the next season ; bnt, 
though in 1905 it was remarked that " Di^Iicate experi- 
ments Bhonld be made at other stations," (why at other 
stations?) no duplicate plots were tried in 1906. In 
1905 the plot chosen was rich in the principal plant- 
foods, nitrogen, phoaphoric auid, and potash, and even 
the ntuabed earth was far from poor on the apote selected 
in 1906. 

The resolts ot the first experiments oontradiot 
Mr, Ozanne's trials, and appear to condemn everything 
hitherto done by the farmers, Tet, if we take into' 
consideration the richness of the land, we ate not 
sniprised at the results. In Germany where beetroot is 
grown year after year upon the same land, the soil 
becomes beetroot- sick and refaaea to rettirn a paying 
harvest. Of coarse scientists found a scieutific cause, 
Tin., the nematodes. ' They were traced right enough. . 
Timtwid, however, of ascertaining the ciauses that made . 
these accumulate, the object aimed at was not to eradicate 
th^m, bat merely ijo destroy the visible conseqnencea on - 
i)teipot. Itluppenedthattl^ebaziungof thesoiltenioTed, 
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the nematodes and probably the cause ; but it was 
also noticed that where the land was not yet beetroot- 
Biok, burning, ioetead of doing any good, resolted in 
poiitive harm. Will this explain the extraordinarily 
divei^nt reports of 1906 aud 1906 ? It looks like it. 
We are told that plot 26 " is quite near the town dud 
received some waefaiiigs, whioh, no donbt, increased its. 
' fertility. Number 51 was a very nniforni field whioh had 
been oat of cultivation for several yeaia, hat otherwise it 
was very satisfactory," 

In Mr, Ozanne's. experiments cowdung invariably 
gave the best returns. In the first set of the new experi- 
ments cowdung rah gives a loss of Bs. 26, whilst the an- 
nbtA plot shows again of Bb. 21, and that neither rahed 
nor mannred a profit of Bs. 23. 

Is it conceivable that through centuries the cultiva- 
tore were foolish enough to rab, and to rab with cowdung- 
wherever their means allowed of it, if leaving the soil 
nntraated would give them a difference of Ite. 49 per 
acre to the good ? Yet this is the sort of thing we are 
led to infer from single experiments, in one plaoe, m 
badly cboeen sites. 

Why was not Mr. Ozaline'a plan carried out? Sure- 
ly the Depactinent was no more uudeunanned in 1904 
titan in 188S. 

Another glance at the tabolated results shows that 
a§hes of tab provM better than heating the temorcd 
earth and replacing it, saffiower cake is better than bofli. 
and all three give very much better results than rabing. 
Yet in 190G cowdung mb that was down 16th in the list 
now givM the belt return in grain, thoagh it comes. 
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eecoiid in net profit, and bmd heated gives a profit of 
Ra. 9 more, viz., Rs. 33 per acre. Cotton-seed, that in the 
previous year returned a harvest of 2,780 lbs. grain and 
4,030 Iba. straw, valued at Bs. 99, retams this year only 
693, lbs. grain and 1,057 lbs. straw, worth Ra. 26, gives 
a net profit of He. 0-15-9, and disappauB from all future 
ezperimeats. The saflBower cake harvest drops from 
2,120 Iba. grain and 3,650 lbs. straw, worth Kb. 77, to 300 
lbs. grain and 1,120 lbs, straw, worth Rs. 30, and the 
plot with no rab and no manure returns about the same. 
Oowdung ploughed in now gives a better retilm than 
cowdnng rab, and the harvest of ashes from sin cab 
drops from 1,720 to 1,400 lbs. grain. 

If experiments without duplicate plots rendered it 
difficult to draw conclusions from the tabulated state- 
ments of resultB snpplied, the manyplots selected for the 
Bame treatment in the Eepot^t of 1907 make confosion 
worse confounded. Here we find the ashes of ain rab 
not so prodactive as ain mb itself, but better than mixed 
branches rab, and cowdung plougded in returning a 
harvest of 1,420 lbs. grain with a profitof Rs. 16, whilst 
8 experiments in cowduug rabiog give extremely varying 
results ranging from 680 to 2,110 lbs., and the profit and 
loss vary from Bs. 23 to 42. 

We have attempted to reconstruct the scattered 
tables to arrive at aomethiny definite, but absolutely no- 
thing can be made of the experiments, h^&rth pulveriz- 
ed and earth heated are consistent faaluzeB this year, 
the former rpeiilting in harvaatK of 400 _&nd 480 lbs. of 
grain, the latter producing 640 and 800 lbs. Even the 
five safflower plots vary from 978 to 1,760 lbs. grain, 
while the no treatment plots vary from np harreit ftt aU 
to 800 lbs, grain. The two poudrette plots give 1,360 and 

19 
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1,560 lbs. of grain respectively, and the nngla plot of 
eoWdnng ploughed in retrn'os 1,420 Ibc. 

Witib mixed branchea rab in the seed bed, field 
ftpplioationa of manure apparently proTed hopeless 
faUnres, 20 of the 33 plots showing losses. Of the three 
in which some gain resulted a cowdnng mannred plot gave 
a profit of Ks. S-10 against losses of Ub. 14, 27, and 80 
respectively ;on similarly treated plots, safflower produced 
a gain of Be- 7-1B-8 ^inst losses of Bs. 15, 21, and 84, 
and no treatment in one plot gave a profit of fis. 10, and 
in three other plots losses of Bs. IS, 19. and 24. 

We cannot bat agree with Mr. Fletcher when he 
says : — " It is impossible to draw conclusions of any t ind 
from these experiments, the Taria>tioDB between dupli- 
cate plots being often greater than between either of the 
plots and the no manure plots." When he adds: — "The 
figures are given for what they are worth," we are in- 
clined to matter ; — " They certainly were not worth the 
cost of printing." 

In 1908 we have a farther reduction in the number 
of experiments. These practically resolved themselves 
into (1) mixed branches rab, (2) ashes of mixed branches 
rab, (3) earth pulverized, and (4) eaith heated, in tripli- 
oate, bat for the difference between 271 lbs. of mixed 
tteanehes rab and 1,060. lbs in two other plots. Then come 
the manured unrabed plots, viz., safflower, oowdnng 
ploughed in, and as a standard, cowdnng rab. 

The apparent mistake in the amount of rab material 
in the mixed branches rab plot put us cm another pro- 
blem which also requires elucidation. The plots with 
271 Iba. gave a total oattomvahiad at Bi. 78. With 
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1,080 lbs. of the T&b the outturn falls to Bb. 98. This 
might possibly be explained by overheating, but, with the 
Mme amount of the »aiue rab materials in plot 9 the 
harrest iEallfl to a Talne of Be. 45. 

Bo far instead of throwing light on the vexed 
•qneBtioni before the department, onather, and a Yoiy 

important matter turns up to be «lucidated, viz., the exact 
ftmOnnt of heat in rabing that is productive of the most 

Ashes of mixed branches produoed in plot Q Bb. 60. 
Though the Bame qnantity was nsed on plots 0 and 10, 

there is a uniform fall in value to Tta. 36. The variations 
in the earth pnlverized plots are, Ko. 3 Bs. 64, No. 7 
Ra. 35, and No. 11 Bb. 48. More astoonding still are 
the TaiiationB in the earthheated plots, ranging as they 
■do from Bs. 131 in plot 4 to about Bs. 55 in plots 8 and 
12. Ain rab returned Bs. 77, vchilst cowdnng rab ranged 
from Bb. 137 to Bb. 60. Here again ve have the gn^ 
tion alluded to above coming prominently forward 
without any notice being tEiken of it by the experimenter. 
The return seems to vary according to the inverse ratio 
o£ the amount of rab materials used. With 1,106 Iba. we 
get Be. 137 : with exactly twice the quantity the harvest 
falls to leBB than half, totalling only Bs. 60, 

In 1909, there is one point that does not vary. On 
the duplicate plots 10, 11, 19, 13, 14, 8 and 9 we have 
uniform small harvests, as a rule from one-third to 
one-half of those on plots 1, 2, 8, 4, 6, 6, 7, and yet the 
only remark we find is the following :—" This is in 
direct agreement with the previous years' work that heat 
is the more important factor in rab, but how it acts h^a 
aotyetbeendemonstxated." WasthiB wrote snroaiutie? 
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In the seed bed, various substitates a.re compared 
with coffdang rab, and safSower cake topa the list. No 
afetompt ia made to abcertatn wh; safflower cake shoald 
be better than any other nitEOgenotiB manore. All we' 
learn iaj — " Tt will be seen that safilower cake gives a» 
good yield as rab while others gave as good seedlings. 
The othet substitufies are also useful." Yet these nsefal 
sabstitates are not tried in the same manner on field 
areas that receive plants statted on uarabed plots. Of 
the seven experiments in this respect not one L-eturned 
as much grain as the untreated plot. Oowdnng ploughed 
in gave a very low return in the previous year, the dup- 
licate plots Bhowing harvests of 653 and 973 lbs. grain 
tespectively, and safBower, which this year is pronounced 
better than rahing with oowdnng, returned 1,047 and 
1,670 lbs. grain respectively in the duplicate plots in 
1908. 

Yet deductions appear to be made anniully from 
the tabulated statements of the year, without the alight- 
eet reference to the pigeonholed returns of the previous 
experiments. It is tcoe that in the remark ootumn 
opposite safflower and in other paxis of the same we find 
a note " divergencies in soil," but we should like to leant 
when these were ascertained and how, whether by 
analyses or the harvest, and if known before the trials 
began, why any experimenta were attempted that were 
to form the eabject of compariaon with results from 
better soils. Aitet the various comparisons made we 
have to rab our eyee on looking at page 2 ot the last 
report to find if we are quite awake ; for, there it is dis- 
tinctly stated that the answer to the queaticHi if rab is 
necessary reads that it has been pretty thonnighly settled. 
It was yean ago, but not by the ezperimentB of the 
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Depirtment of AgrioaUare. The linea that follow .ue 

«till more startling. We were under the impreesion 
that the mea.niiig of the word rabiug hod been " pretty 
thoroughly settled," the more bo ob its definition is re- 
peated year after year in the Annoal BeportB. Bat heze 
it gets quite another mca,niTig. viz., " that some prepara- 
tory treatment to the seed bed ia reijuired aa in regions 
■ci heavy rainfall broadcasting is not poaeible." Lewis 
Carrol ie delightful when he ohooses, in the person of 
Humpty-Dampty, to give words any meaning he pleases. 
TChe report of 1909 is equally entertaining in this res- 
peat. 

On page 4 we have a new set of ezperimentB to 

.throw " further light on this perplexing question by 
trying certain substancea that are known to have a. bene- 
ficial action on soils under certain coadifcionB aside from 
the supply of any manorial sabstance." Lime we know 
for its action on the soil, common salt is exceedingly 
naeful to certain plants, but of charcoal we have not yet 
heard, though rose-growers use it at the roots of their 
plants especially when these are grown in pots. Its oee 
has been saggeeted by ub in many cases as a deodorizer 
where a rotation cannot be practised, ae on tea and coftee 
plantations, and where fields suffer from the OTeroon- 
■centratioa of the effluvia from the roots, when the same 
•crop, growing year after year on the same field, renders 
the soil siok. £ut we should be pleased indeed to team 
that the theory had been proved correot by actual 
practice in the field, for millions of pounds sterling 
would thus be saved annually. 

In endeavouring to ascertain the kaleidoscopic. 
«hanges in the harvests (rom plots treated in a similar 
manner, we have had to study the numerous tables and 
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agam form tables of onr own. The following illustrates 
nuae clearly than any amount of writing the difficnlties 
that beset a student when he endeavours to draw any 
conclosion from the rabed and anrabed plots Bcattered 
through the reports. 



^^^^ 


EUTBfll IiBI. GUDT. 


1905 


1906 


1907 


190B 


1909 


1. Ctnrdan^ fUli 


1120 


1620 




1900 to 3603 




9. „ „ uheg, 


im 


1600 


1100 


787 


S07to'l807 


3. Stfflowei 


1730 


1333 


1344 


1453 


1447 


4. No Bkb 


1410 


400 


nil to 480 




790 


fi. Laud heated 


1700 


1380 


720 


'"l587 


507 to 1907 


6. Eaiih pnhniizad ., 


1310 


980 


440 


989 


5^ 


7. Outside a^os 


laao 


880 


788 




698 


8. roudiatto 


1430 


1320 


1480 






9. Cowdwig ploDgbec! 












in 


1320 


1700 


1420 


973 


1179. 


10. Ain Rih 


U50 


lUlO 


1440 


1313 




11. ABhsE of Ain Bab .. 


17M 


1400 


1440 






12. Mbnd b&iDches rab. 


1410 


1120 


1160 






13, Aalus d brrtnchea 












nb 






806 


907 


1307 



And from tiuB table we ace to make the remarkable 
dednction that lab is neoeasary and at the same time 
cannot he necessary siiuje we may have snbstitntes 
for it. 

The difficalties arising from these figures are not. 
lessened when we make up tables of (1) the oost(tf raising 
Beedlings, (2) the cost of cultivation. 
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Statement showing cost of raising Mcdling* 
(in Rupeei only). 







1905 


1906 


1907 


1906 


1900 


i 






KB 








MB* 




1. 


Tjaaf rab 


11 


13 


IS 








2, 


Ain rab 


98 


10 


28 


88 






3. 


CowdUGg 


09 


90 


18 


37 






i. 


GrlMB 


9 


13 


10 








6. 


Mixed toftnelm 


39 


10 


32 


'9$ 


'Is 




ft. 


Ashei of Iflfti tab 


18 


18 








r. 


oowdang 

ConduQg ploughed ia 


63 


21 


30 








8. 


54 


2S 


15 


16 






9. 


Ashss of Ain nb 


SB 


11 


33 








10. 


Land bwted 


iO 


17 


87 


70 


130 




11. 


No r»b 


i 


6 


3 




9 




IS. 


Fiah 


54 


70 


101 








1 A 

Il- 


bnaep tolaea 


19 


23 


33 








ls. 


Po'Jdrette 


28 


30 


30 








16. 




42 


35 


35 


"44 


90 




IT. 


Nitra 


11 


' 9 


157 


• • 


• * 




18. 


OoUon aaed after plant- 
ation 


4 


3 










19. 


Safflmror , , 


3 


2 


13 








S3, 


Cowdnng ,, 


3 


2 


16 








98. 


Butb pnlveiizad 


4 


i 




"a 


'35 




U. 


AiluB otmiiad bran- 


















36 


11 


31 


91 


87 
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Total cost of enltwaCbn. 








190ft 


190B 


1907 


1906 










Kg. 








1, 


Lent rab * . 


«9 


2T 


34 






g. 




la 


US 


47 


Sft 




S. 


Cawdnug cftb • . 


76 


89 


S3 


so 


88 


i. 








36 






S. 


yhfrf bruolMi ttb 




27 


88 


G4 


49 


B 


Aalin ti Uti nb 


43 


SB 








7. 


cowflung 


B7 


36 


61 


■■ 




8. 


Oo^dkin^ ploughed ijl ■ > 


70 


44 


36 


45 


is 


9, 


Aab es Ain rftb . . 


63 


'26 


62 






10. 


Iiand hMted 


64 


17 


67 


96 


183 


11. 


Nontb 


29 


13 


10 




g 


IS. 




79 


84 


lil 






1*. 


Bbaaploldad 


i^ 


aa 


40 






le. 


PoadiatU 


53 


44 


39 






16. 


Safflovm e»k« 


67 


50 


43 


GO 


so 


17. 


Nitrs 


36 


•11 


ISi 




13 


IS. 


ation 


39 


US 








33. 


Bartrh pnlfsriied 


2S 


16 


80 


2B 


as 


34. 


AbIu* of tDix«d bmnolies 


60 


28 


41 


56 


37 



We expected variations of one thing a,t a time in the 
varioua similar plots, bat we cannot but be surprised to 
Bee the number of siroultaneoua variations in the conrsa 
of the expeiinientBt the daplio&te plots being often treated 
differently, ao that nothing but varying results must 
follow. After reviewing the work done in these nbing 
e^eriments we needs must ask ; — " Is this Science ?" 

We started with the question " What does the 
effioienoy of tab depend apon ?" and %ba BeportB before 

us give no answer. We have yet to learn (1) In it from 
the heating of the soil alone ? We are inclined to think 
not. 

This also raises the question of the amoitnt of heat 
reqnized. 
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(d) The qnflstioD as to what rftbs oie most beneficial 
3uw not vet received a definite reply based upon the 
triala before us. No doubt oowduDg rabing ia the best : 
whether on Boconnt ol the more gradual heating or 
jnxhspB on account of the emell generated driving away 
the effeota of the oTeKX}noentration of effluTia in the soil, 
who can tell ? 

If it is a queation merely of ohemiciuL analyaia Pasa 
-onght to answer it without delay. 

(3} The third query still xemaina a pnszle the 
more so as the term substitute is not defined, We know 
from practical experience that dee is grown without 
rabing, nuinnred in many ways, and not treated at all, 
bat if we wiah to aecertaia what returns the best harvest 
at the least expense, without harming the soil, we are 
inclined to follow the practice of the peasants notwith- 
standing the hopeless iDdeoision in which these experi- 
ments leave as. 

(41 The fourth question receives ita reply the 
moment we know how'to answer No. 8. If rabing is 
necessary (and even this word seemB to require defining 
if we atg to judge from the reports) no after-treatment 
will secure the Bams effects as rab. 

We are not much enlightened on this point from the 
records of the years 1905 to . 1909. 

Throughout these experiments there is only one case 
in which a complete manure was used, but on what princi- 
ple the quantities of the ingredients were chosen cannot 

be ascertained. A similar complete manure was employ- 
•ed on the field following eowdung rab on the seed bed, but 
we are not told what the component pacts were, nor the 
dCpiantitieB used, of each. 
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Whaterec expflriments may be condnoted in fataie, 
an end must be put to the senseless waste in raishig 
seedlings. 

The ogrionltural student ruBhee to the study of bo 
interestiing a pnzzle, goes thoroughly into the maze of 
contiadietoiy resnlta frorCi extraordinary experiments, and 
emerges not a whit the wiser, bat certainly astounded 
at what is placed before him as a scientific study of 4 
most important subject. 

Another point that to agricultural reformera ib & veri- 
table red tag to a bull is the Indian plough. On thia aub- 
ject Mr. C. B, Clarke says :— " A favouxite proposal is 
to give the Bengali an English plough, which shall go 
deeper than the native cultivator's and bring up fresh soil. 
1 pass by the practical difficulty that, in none of the 
terraced fields and in none of the small fields, without a 
revolution in boondaries and customs, coold such a 
plough be used. The plough ia the moat perfect imple- 
ment yet devised for setting in creeping grasses, as couch ; 
it cats the creeping rhisome into convenient lengths 

and by the tnrn-orer buries the fragments deep 

Now, in India, we have not one or two, but many creep- 
ing grasses to contend with. The safety of the Bengali 
enltivator is that he has a hard pan, impervions to creeping 
grasses, which his plough travels npon, but never haa 
broken. He gets the creeping grasses well out of the top 
4 — 6 iacbes of his soil and has a full cro^on his shallow 
iilih il the water is right. I may add that, if a Benga 
field was ploughed with an English ploogh just before 
dibbling, I doubt whether the rice would get a firm 

enough hold I concluded my first (1868) paper on 

rioeb; saying that I did not think we had mnch te teaeh 
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tha Bei^ralis in rice-growing, and this statemeQt did not^ 
I fear, condnoQ to ths popularity of thai paper." 

Mr. Clarke's statement is identiioal with that of Pr. 
Voelcker, when he referred to Indian agriculture in gen- 
eral, and every one who has spent acme time in studying 
the Indian peasant's system of agrionitwe, oonsidenng 
ihe means at the raiyat'i disposal, must agree that he ia 
■perhaps the beet farmer in the world. Every unpre- 
judiced student will be incliaed to agree with Mr. Clarke 
in his view " that rice is the very last crop on which we 
should attempt to give the Bengali instruction, " What 
the native of India wants is not instruction in tillage. 
He cannot obtain a sufficient supply of natural manures^ 
and he must have before his eyes experiments with 
artificial fertilizeni. 

It must be explained to him that the plant takes 
certain substances from the soil and these can he 
letomed to the land by the nitrate of potash, oilcakes 
and bone, he oan obtain in India and from potash salts 
which nnfortanatelj are not obtainable in the country 
but can be supplied by Germany, the source from which 
the rest of the civilised world procures it in iuoxhaustible 
quantities. 

Professoz Ohuzoh's analysis of cleaned rice is as 
tdlows : — 



Water 


.. 13-8 


Oil 


... 0-ft 


Athumenoids 


.. 7-3 


Fibre 


... 0-4 


Starch 


.. 78-3 


Ash 


... 0-6 



Of the ash, 0 065 is potash and 0'284 phosphoric 
acid. Of course more potash will be found in the husk 
and a great, deal in the straw. 
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Ac cording (o Fayen'a analysiB of dzied zioe, it. oon- 

KitrogeaouB matter ... 7'56 

■ Carbohydrates ... 90-75 

Pat ... 0-6 

Minaral matter ... 0'9 

We Bee the very great qaantity o£ carbohydrates in 

the grain and know how necessary potash is to produce 
UiMe. and jodgiog from the straw of other cereals which 
take from 66 Iba. of potash per acre in the case of wheat 
-and 170 lbs. in the case of maiae or Indian oom, we can 

judge that a fair supply of potash will greatly strengthen 
'the standing crop and the phosphoric acid with the help of 
nitrogen will ptodnce a plentiful supply of grain. Besem- 
■bling the potato in its analysis, it is evident the use of 
potash in the paddy fields will prove beneficial and pay 
the raiyat for its ust:. 

The addition of 1 to cwt. of bone and 1^ owt. 
Icainit to the ordinary 4 or 5 tons of cattle manure on 
well-cnltiTated wet lands has produced hamper cropa in 
Southern India,, and on dry lands a mixtnre of 1 owt. bone 
and I cwt. kainit has proved equally auceasaful and 
astonished the surrounding farmers by the weight and 
the excellence of the crops. 

"Wheie oattlfi maaure cannot be obtained 

8 to 6 cwta, of ground nut or baator oake meal 

1 ewt. of bone 

1 to 2 cwtg. of kainit 

^onld be employed, carefully mixed, and spread evenly 
over the field, after the grasses have rotted, and the return 
will be so great as not murely to pay for the ooat ol the 
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manures, bat there will be an extra profit in' the first 
harreBt, and, where' xagi or a similar crop immediately 

follows, DO further manuring will be required to secure 
another splendid return. When the day arnvea that, 
paddy and other cereals are manui:ed all over India a. 
great deal more will be obtained pet acre than the onei 
extra bushel that will pay the oountry's taxes. 



COTTON, 



Then is notiiing new xmiex the bul The trite 
old saying ie brought ioroibly to mind in perosing Wal- 
ton's "Short History of Cotton, ita Culture, Trade and 
Manofautore in the Belgaum and Kaladgi Districts of the 
Bombay Presidency," written for the " Boiiiba.y Gazet- 
teer" and printed at the G-oremment Press in 1B80. 

Ae far back as 1820 the Statistical Beporter to 
GoTernment recommended the cultivation of Bonibon 
cotton which was then actually being grown to a small 
extent. In 1828, Lord EUenboion^ repretanted to the 
East India Company the imporiiance of improring the 
cotton in the Southern Mahratta country, and in 1829, 
experimenta were conducted by Dr. Lush to obtain (1) a 
bettet variety of cotton, (2) to introduce better systems 
of cnltiration, (8) improrements in ginning and prepar- 
ing the lint for the Eoropean markets. 

It is not Burprising that the report wm a reooid of 
failnre. 

In 188S, ft fresh supply of seeds of various exotic 
varieties wsa imported, and in 1840, three American 
Planters arrived in Bombay to snperintend the work of 
cotton improvement. They and their Booeenois tried 
hard to induce the kunbis to make experiments with 
these exotics. The results were far from encouraging. 
Against a yield of 148 lbs. of Nnrmahclaanad oottmi per 
aeon, G«oi^ produced 88 lbs.. Sea Island 6? Iba., and 
Boorlon 86 lbs. on a small area. In 1848-49, the raiyata 
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stated that their New Orleans plants were "dead 
Bticks, " and wotild not yield 1 lb. per aote. 

Tlie Dharwar area, more suitable pei'baps for grow- 
ing this particalar cotton, showed resulta still visible in 
the " sawgin " as the Dharwar-Amerioan cotton is called 
to the present day. Bat in Belgaom, the snooeBsion ot 
bilures and steady decline of acreage of exotic cotton ia 
marked from 1840 to 1860. 

While these experiments were in progresSi we leani 
" that the Manchester Commerical Association had been 
repeatedly urging on the Directcns of the Honorable 
HJaat India Company their view regarding the improve- 
ment of cotton in India, and the Honorable Court had 
sent their representations out to the Bombay Groveiu- 
ment from time to time for action to be te!km on the 
advice proffered. One subject that the Association 
persistently urged, was earlier sowing, and Mr. Chan- 
ning did his best, as he too then agreed with the Manches- 
ter view, to get the raiyats to bow sooner ; he, however, 
failed to get them to agree, and subsequent long and 
large experience has amply proved that the farmer knew 
what he wae about, and that his time for ootton-plantiog 
in the Ealadgi and Belgaam country was right, and thai 
the Manchester Commercial Association and Mr. C ban- 
ning was wrong, etc." 

The over-zeq>lonB advocates of improvement in 
Indian Agriculture fall into a very common error by 
sn^sing thai what is good for the West ia equally 
good for India. When we think of the Ihike of Buck- 
ingham's idea of draining the paddy fields, we fancy the 
boondary frf absurdity has been reached, but the volume 
before ua pointe to advice more glaringly abmird. Rtm* 
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fnl M it U to stumble along the pages of this remarksbly 
tiresome work, the ipaiasima verba of the antbor will 
deiDOQBtrate only too clearly the absurd lengths to which 
refonnen will go in theii- zeal for change. The 
American Plantsfi appeared to Bhare the viewa of the 
Manchester Commereial Association, and the remarks on 
this ■object on page 98 are worth penwal. Th'ey ran : — 
" Another question which was veiy often urged by the 
American Planters, and which has been still more 
strongly recommended by many autsiders ainoe, is ' eaily 
sowing' : it is being repeatedly represented that the 
Belganm and Kaladgi farmer does not plant his cotton 
soon enough, and that consequently his growing crop 
has many more trying circumstances of climate to 
contend against, than if he pat the seed in sooner ; as a 
matter of fact no fixed rules'on this subject can possibly 
be made, the correct time for sowing in each district be- 
ing so entirely regulated by the rainfall of that locality ; 
no cotton seed can be successfully sown until a certain 
quantity of rain has fallen, and has brought the soil into 
its proper condition for germinating the seed; this 
essential condition of the earth is much better nnderstood 
by the farmer than by any foreigner." 

Mr. Walton evidently knew more abont the wisdom 
of the natiro fanner in choosing his sowing time than all 

the Americar.B and " outsiders", who endeavoured to 
give what they considered beneficial advice to the back- 
ward Indian kanbi. 

Scienoe is admirable and its dictates should be 
followed ; bat troe a^otiltural scienoe depends, to a 
great extent, on experience, and the native raiyat hu 
behind him the experieiue of conntless ages. 

80 ' 
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Id this volume we find the soundest adTioa to 
Governinent, coached often in the blnnteat fonn, emana- 
ting, no), from what now would be called the Department 
of Agriealtoze, but from those who knew the people and 
their waya, and made a lifelong study of th^se whose 
weilare had been entrusted to them, viz., the Oivil 
SerraiitB of the couitiy. In reply to the ' early sowen' 
Mr. 8eton-£err, Collector of Bombay, wrote in 1860: — 
" Early planting from the middle of Apri! fco the end of 
Mf^, I need hardly tell you, has never been tried ; those 
months, in the cotton plains, are perhaps the hottest of 
the year, and the seed might as well be pat into an oven 
as into the ground at that time." But the reformers 
were not satisfied. The Sombay Chamber of Commerce 
advised people to bow cotton in May and Ifovember, and 
it was in reply to this advertisement that in 1860 
Mr. Mansfield, who had long known the Kanarese country, 
told Government that all persons who followed the advice 
given above would lose both their seed and their labour, 
as "the soil in the month of May is very like cinders 
heated to a temperature of one hundred and fifty de- 
grees ; the soil oontinues in this heated state till the 
middle or end of June, whan the seed if not tamed into 
cinders or deprived of all germinating power, is rednoed 
to a state of rottenness by the torr^ts of rain at the 
finfc borst of the monsoon : if sowing, again, is delayed 
till November, the cotton has not time to ripen before 
the fierce heat of the son forces the bolls to open pre- 
maturely, etc." 

Similar wise advice reaches ^he ears of the astound- 
ed raiyatai the present day, but |eldom does be hear of 
what he really wants, and that is a manure that will tab 
the place of eowdnng, which he cannot get in lafftcomt 
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.qnantHtes. It is rather Btartling to find in the Tolams 
hefora.'os the following lines : — "Manure is frealy used, 
Init it is not put on the land when cotton ie to be sown. 
The raiyat says that fresh mEinnre heats the soil too 
much for this crop, and it is therefore pat on in the year 
■preoeding that in which he intends to plant cotton, the 
quantity then used bbiu|^ fium three to ais. cartioads an 
acre ; the oidinaiy village manure consists of the dnng ■ 
.and litter of cattle, decayed vegetable matter, fallen 
leaves, sweepings, ashes, etc., of houses ; all these are care-. 
fuUy gathered and added to the raiyat's manore heapi 
«nd by the time it is ready to be carted oat, it is in a 
pulverised state and readily amalgamates vith the soil." 

How 3 or 4 oartloads of such mannre can be said to 
be a free «ee of manures for two crops, it is difficult to 
undetstand ; yet, throughout the numberless cotton ex- 
periments, no hint ia given of an attempt at improvement 
in fertilizing either with natural or artificial manares. 

Another very weak point in these experiments, and 
one on which too much stress cannot be laid, was already 
then discovered and brought to the notice of Govern- 
ment. "A leading ofiioer of Gh>Temment in the 
Bombay Southern Districts, Mr. Townshend, who took 
mncb interest in the Belgaum experiments, expressed 
his disapproval of attempting to improve caltivation by 
'Government Farms, the weak part of the arrangement 
being, in Mr. Townshend's opinion, that it merely show- 
ed the people that a certain plant ooold be grown in the 
•coontry, bat did not let them know 'what it oost to 
produce it, and that Gkivernment Farms were mansged 
■on a scale of expense that it was uselees to enpect that 
>ths xsiyat woold emulate, and that onlese yoa could 
mhffv the Indian farmer (and at this Mr, Towniheod 
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saw no hope) that it woald pay him to take np a cnltnre^ 
that HaccessfuUy carried oat under Government. 

mftDsgement, (he large outlay expended on ihe experi- 
mental fums, was only so much money thxorm avay." 
Without going aa far as Mr. Townahend in his wholesale', 
oondemnation of G-overnment farms, it must he conceded 
that there is a great deal of truth in his statements, and 
that it IB neoessaty at the present day to point oat tO' 
Government the limitations of these institutionB aa it- 
was in Mr. Townshend's time. Whether the present 
anthorities would, like Lord Falkland, agree with Mr. 
Townshend'B views, and style the Oanmissioner's repre- 
sentation " a very sensible letter," is donbtfn), though 
the argnments are as forcible to-day and as diffionlt to 
xefate as in the days gone by. 

And here we may mention that the object of 
instituting demonstration fS^hns does not appear to he 
remembered in India. Even those who conduct them 
seem to confonnd the end in view with that of experi- 
mental stations. The latter are to be fonnd all over 
Europe, eometimeB combined witii practical field work 
to Bhow that the reBnlts patient observation and atndy- 
can be made to pay the farmer. But experimental work 
is meant for Colleges and Institutes whose aim is to 
settle f ondamental principles of which they aie in BeaEoh.. 
This means that men speoiaUy eelccted for Bnoh 
investigations patiently amass facts and figures for years, 
from which to deduce later on general rules apphoable. 
to the Bcienoe of farming. Demonstration farms, how- 
ever, merely pnt into practice what these experimental 
farms have discovered after toilsome research, and, at- 
the wme time, make detailed investigations snited to 
the particular localities in which they axe sitnated. 
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The; moat be praotioal tsaaa, vheie' cultivators uo 
whown not merely what cropa ftre grown, but pzindpshlly 
how tliese ace made to pay. 

A famous American &grioiiHnTiBt, speaking on the 
^nt last yeat, said that the demonatration facm that 
•did not pay .should be Qloaed at onoe. 

A great many will agree with his opinion. 

The Manchester Chamber of Commerce in 1649 
f Tesented " a long memorial to Parliament urging on 
the Imperial Legislatare that an inqoiiy ehouM be made 
•under the orders and at the expense of the British 
Groveinment, into the oauses of the unsatisfactory condi- 
iion of the eotton trade and the meacmres that should be 
adopted to increatie and improve the same." The Hooae 
refused the inquiry and the Chamber sent onta special 
:agent of their own in 1850. Of course, the agent knew 
more about India utd the eotton-growing districtB than 
the men who lived on the spot, and gave the greater 
part of theij Jives to the study of the people and their 
wants. The reply of the then Collector, Mr. Havelock, 
to Mr. A. Maokay, Special Commisaioner ol the 
Manchester Chamber of Comiiicrct?, is i uteresting reading 
even in 191L Mr. Havelock made some very apposite 
remarks on the adverse criticisms that had been made 
by Mr. Maokay, critioiams which were ao common from 
'Other writers with au impcrfecL knowledge of their 
>eabject, on the system of natiTe agrioultore, and tmthfol- 
.ly added that if Europeans came to cultivate fanua in 
India, experience would soon mftke them discard many 
•of their ideaa in favour of local methods. The Coliec- 
tot'a remarks were based on not only what he himself 
.had observed but ako on conversationa he had had with 
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Gome of the American'Plantera who had been sent Hpecially- 
io India to improve cotton culture, and these latter gentle'- 
men frankly admitted that there was mach in the native 
Byfliem of famung to admire, and that it was well adapt-i 
ed to the oircnmBtanoes of India. 

The truth oi thk has btisn cmpeatedly shown einoe_ 
In fact, the only experiments that have proved saooeBsfal 

are Chose in which the ground-work has been' on the 
native plan, developed and improved: l:^ Eorupean. 
knowledge, zeal, and energy. 

It IB wonderful how histoiy repeats itself. The 
pteeent time is nob the first in which the- weighty ques- 
tion was argued as to whether it would pay Europeans. 
to grow cotton in India. The question is a vexed one. 
It is qnite possible that, following the native methods, 
but oaing a sufficiency of cattle manure and concentrated 
fertilizers, the or<^ may be bo far increased as to pay 
well, and that a good selection of seed, followed hy care- 
fal picking, ginning and packing, may soinccease the 
onttam and the value of cotton as to make Bwih 
agrianltnre in India a profitable concern, bat a st^y of 
former attempts and failures wonld be an absolutely 
necessary prologue to the embarkation on 8achaTentai.'e. 
" During the time that Sir J. B. Camac waa Governor 
of Bombay," aaye Walton, " the quflstlon was started a> 
to whether cotton culture oould be carried out on a large 
and lucceeslul scale by Europeans in India ; the sabjeot 
WH mnoh diBcn— ad and His Xxeellanoy reoords thet 
following opni(Hi: — "Cotton culture holds out no in- 
'dnoement for any private person, who knows what he is: 
about, io engi^ his capital in any speculation on a large 
Male ; all cotton and experimental establisbmentB ham 
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clearly and lepeatadly sbown that EtuopeanB ooitld never 
eompete in eooDomy, or in gaining compenEattng results, 
with the fuming of the raiyats ; generally speaking all 
■ worit in the Indian fanner's holcting is dqne by him and 
his family, and their labour is fiiven with all the self-in- 
terest and the oonstanoy of personal oonoern : it is quite 
as impossible to compete vith this, by hired labonii as it 
is for the Enropean himself to do mnoh of the work of a 
&Tm under the Indian sun, and he winds up with the 
fu from optimistic view of Mr. Caaaeis that " liired 
tabonr in India, so fat as the labourer is ct^ioetned, is a 
contract to do as little work as possible for the highest 
possible wages, and colonization for the pnrpose of actual 
cultivation is a hopeless undertaking." 

Yet even while the above was being written there 
were Suropeans mftlHtig native Jaghirs pay under their 
management, and at fite present day in Southern India, 
paddy fields appear to be capable of giving Enrt^eans 
a fair living. 

Nowhere within the pages of this treatise do we 
find any attempt made at practical farming, and thoae 
engaged in the work of endeavouring to improve cotton 
culture appear to have accepted tha 60 to 80 lb. crop 
against the American 200 to 800 lb. of lint as one of the 
decrees of fate. Were the question now taken up, the 
possibility of making cotton culture pay might have 
another answer. Since thoae days, it is true, the 
Agricultural Department has run wildly to the other 
extreme, and one's hair almost stands un end to find the 
employment of 40 tons of cattle manure, 80 tons of 
poudrette, or 4 tons of superphosphate, on an acre, in a 
land where cattle manure is so scarce, mumcipalitiee in 
their infanciy, and the price of concentrated fertilizers 
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absolaiel; prohibitive, When uaei in qnantitiei anheud 
of in any other part of the world. 

There are other aubjecta with regard to cotton that 
occupied the minds of men in those days bo bent upon* 
doing good to the imfoTtanate peuant, u Car as lay in 
their poWar. The qneetion of irrigation for cotton had 
their attention, and it is one that is now, oi waa latelyi 
heingstodied in Bind. 

It was the Court of Directora who started this 
enquiry in 1.B5S, and the consensus of opinion appears 
to have been that, on regur (black soil) and on red, 

irrigation invariably resulted in failure or loss. In 1858, 
the matter was referred to the Indian Agricultural and 
HoKticaltnrai Society, and their verdict was that " much 
most depend on the climate and the soil where the 
culture is carried out ; in places where the soil is 
Bandy and light, |_frequent itrigation will probably be 
found necessary for the successful growth of the plant ; 
in other places a moderate degree of moiBtnre only, 
while again in others, it may not be at all necessary, hvA 
on the contrafy prove hurtful to the plants. " 

Amongst the remarks sent to Government on this 
point, one Deputy Commissioner saya : — " Were artificial 
irrigation advantageoua, there is little doubt that we 
should find cotton among the garden pzoduota as the 
crop ia a very vahiahle one, and the people are good 
practical agricuUuriats." This, of oooree, refers tocotton 
soils to called. Colonel Taylor, a reoognised authority, 
says, however : — " If cotton was ever planted on shallow, 
atony or sandy soils, during the six months after October, 
a conple of waterings or at the most three, might benefit 
the plants, but that alter that it would be hurtfol with 
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•erery description of cotton and in etetj kmd at soil *nd 
io almoet ai^ luid mtaricg bftd the efleot of waakeniog 

the fibre, and, keeping the plants gxeenet th&n nature 
intended, isvited the attftoks of issects." Colonel 
Tmyka^i views u ngardB shallow, itony, and luidy soUb 
have received support fi'ijin all parts of India an^ from 
mmj eminent officers, amongst whom ma; be named 
8ii D. MoLeod and Sir B. Temple, both of whom, when 
they wtote, were Berving in the Punjab. 

Now that irrigation is being introduced extensively 
into the Deooan, that companies have lately been formed 
for gain by cotton onlEiire, trad that Qoverainent are 
poshing the growth of exotics in Siod, it may be worth 
the while at those interested to look np the old mnsty 
records that give the results of the Jifelongatadj of men, 
who certainly cannot be looked upon as f osaiis, men, who 
bad the interests of the country as much at heart as 
•those of the present day, and in Btodyiog their auliqMt 
never tefosed to listen to the raiyat, whose practical 
experience ie always worth noting. It is in Kference 
to these reeordB that tbe following lines oocor, which 
look like a severe critique on the doings of tbe present 
■day. " Useful and valuable bs many cotton experiments 
have been it is muuh to ha regretted that more use is not 
made of the valuable experience gained, in reading the 
volaminons and interesting records of these operations 
in not only the Belgaum and KaLadgi country but 
tbrbnghoat India generally. It is a pit; to see how often 
the commonest lawa and principles of nfttore have been 
ignorantly set on one side and disregarded, and also how 
ve^ often no knowledge appears to be retained — at any 
rate made nss of, by experience ; one experimenter has 
igoue on ifteraQother in the same groove, has committed 
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the same nuBt^es, has got the same rwaltgandannonne— . 
ed them as new, though if care had been taten to inquire 
what had been done before and Eixamiue recoids, the naw 
zealoos experime&toi would have fonnd that all he wu 
doing had been repeatedly done before and that his ex-' 
peheace was ool; a repetition of that of his pxedeoeaaon ; 
a timeiy inquiry into the reealte, reoorded in every CoUeo- 
toi'b Eaeheri, would have shown him all this and have-' 
probably guided him, so that he ippoald hare avoided the 
miabakee that had been made before hia time and have 
adopted plana that would have been more in acoordanoe 
with the circumBtance& of the district where be waa. 
carrying out his experiments and he might have thus been 
able to record a sucoess, instead of adding another to the 
many failures and disappointments that had gone betore." 

It has been often said, and cannot he too frequently 
repeated, that the proper method of improving the cotton 
of the country has not yet been attempted. It ie aselees - 
to get the raiyat to try experiments. Giiar&ntee him 
against loss and show him that artifioial fertiltaers oan 
take the place of natural manures so scarce in the oonntry; 
prove to him that his indigenous crop can be greatly 
increased ; then, it yoa wish it, show him the benefit of 
selected seeds ; and, finally, when his mind is prepared 
for it from the benefits he has seen in the new manures, 
suggeet Bmall trials of exotic cottons. Tilt thisprocedore' 
is adopted, one failure throws back any chance of im- ' 
prorement for half a century. It is simply astoniabing 
that the more gradual and sensible way of imprOTing- 
cotton culture has not hitherto been given a fair trial. 

From the following report we can judge that more, 
than one year's trial is necessary before advising the^ 
xaiyat to ohangatiie variety of crop he haa been aceuatom- 
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id to grow. It win also be seen that thepeasatst isalive-- 
:o his own interests and makes a change in the seed and 
rsjiet^ of cottons grown when be thinks it neoessary oc 
oeefol. 

Mr. T. Middleton, B. Be. (then Frotewoi of Agri- 
oultate, Barodft College) , as far back eu 1896, writing 
in the Agrioultaral Lei3ger, No. 8 of that year, eays : — 
" Thfii'R are certain cottons for which the selection of seed 
aeema the only practicable method of improvement ; to 
cross them with other kinds would probably result in 
destruction of their valued pcopRrttes, UDtortnnately^ 
selection o£ seed, although a certain method of improve- 
ment, is a process which only yields appreciable results 
after a more or less lengthy term of years ; and, nnleaa 
selection is maintained, the crop will soon deteriorate to 
the same level. Ifc is on this account that selection of 
seed which is almost universal in gardens, is compara- 
tively rare on farms. The farmer chooses good, sound 
, and healthy seed but he seldom finds that the carelal 
Selection which repays the gardener is suited to his 
business. The raiyat knows that the most oarefolly 
picked seed is as nothing to the crop as compared with 
clean soil, or manure, or a good season, and althongh be 
does select jowari I am afraid it would be diMoult to get 
him to take the small amount of trouble that the selectioii 
of the beet cotton seed would render necessary. At the 
same time there is not much danger that Varadi or any 
other form of Bengals will invade the cotton plains of 
Broach and Bnra^ for the cultivators know the value at 
their plants too well ; they do noit,.wi*b an early variety, 
and if a stranger appear they will remove it, when weed- 
ing. Even if the ginners purchased ' Bengals' and mixed 
the seed in ginning the cotton. I do not think that the 



BEOMh map would become mised ; for, if the practice 
beoame general at the gins, the cultiratoFB woald then 
begin to select their own seed for sowing. In ibe Districts 
where Qoghori u grown the beat onliiTatatB do select 
their eeed. otherwiBe they woiili^ get it from the gins 
mixed with deshi. They will take the trouble to aeleot 
Beed to Inep it pure but I question whether they will 
take the trouble to do ao for the improvement of an 
unmixed variety." 

No better teBtimoniat can be given to the Indian 
taiyat than this, as to his careful attention to the selection 
of pnre seed when it paya him. We can aoarcely expect 
of him what we do not demand or expect of the European 
farmer, and, if Government 6nd it the labour of yearato 
ahow the smallest success in improving unmixed varieties, 
it is surely a little too much to expect from the konbi. 

Good cultivation and manuring are the best ways at 
hie oommaud ami he usea these according to his means 
and knowledge. Even business men are in no hnrry to 
(mdertake the selections mentioned, on the mere chance 
tjS some day having a better retnr'n. We cannot advise 
the peasant to undertake extra labour for a problematical 
small gam. 

All over the country we see changes made in the sort 
ot cotton grown, and though Mr. Sliddleton points out 
the canees he can aoareely blame the peasant tor the fact. 

He says : — "Theraiyat'e pole object is to get aa many 
rupees for his crop as he can, and be cannot be expected 
to onltiTate a worn out and delicate plant, however good 
the staple, in preference to a hardy species that produces 
a more certain yield. The true remedy for hia so-called 
igniBrant preference for short-stapled cotton, is to provide 
a more {o^ing long-atapled variety." 
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Bat thia u joat ih^ orux. If Goverame&t would 
uodettakd to grow cotton on a commereial scaJe, hybridi- 
zation might be tiied to any extent, and paying results 
wonld receive the intelligent appreoiation of thefarmen 
anrand. 

In speaking of acctimatizationi he oontinnes 
" Whilst there is little that can he done in th« acclimat- 
izing of indigenous growths, there is a certain amount 
of scope for the introdnotion of foreign oottons. Such. 
nnmberlesB attempts have been made to raise American 
-varieties and SQch numberless failures have been report^ 
cd, that one is apt to forget that there have been 
Buocesses. The most notable of these was in Dharwar^ 
hut the exotic cotton has deteriorated there and is now 
oJ: poor quality. I do not know the district but I cannot, 
help thinking that the cause of deterioration is mainly 
neglect, and that, if the stock had been as carefully" 
nursed io India as it is in America, there would have- 
been no complaints of the Dhaiwai: cotton of to-day. 

Yes, the point to be considered is careful nnreing. 
When we compare the eumB spent on manures in 
America we may well speak of oarefal nursing, and lose 
all thonght of wonderii^ at the difference in yield of: 
the two coantries. 

If this TEuiety could not stand a heavy rainfall when' 
young, who is to guarantee tht ra,iyat against lose in 
trying to grow it ? Though it was successful in Dhar. 
war it was a hopeless failure in the adjoiziing Ealadgi 
country- It is right and proper for* Government and' 
Scientists to give time, attention, and money to the: 
study of ex(^s, but the Indian farmer cannot afford it, 
and his so-called ignoranoe is nothing but shrewd. 
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moQ^ou sense. He has very good re^aoiiB tor growing 
a short staple orop, that, as a rule, pays him id years of 
4>tdiuaty ninfall, and he dotis not think it wise to 
gamble on long staple species where olimate, soil, and, 
wocet of all, rain, may prove so many chances against . 
him. 

In this oonnectiou the following intecAsiing note 
from Mr. Jaysiikhrai Mangalji Vaishnav, D. Ag. Assisi- 
ant Director of Agriculture, Junagadh, is worth atten- 
tion, and instructions have been issued to study the 
-aabject of rotation to which reference ig made. 

NoiB ON THE Indigenous Cottons qbown 
IN THE State. 

The variety of cotton, which has replaced Kata and 
Lalio in nearly the whole State except in that portion 
'«aUed the Ghed, is Mathio, which is most probably the 
same as Eanio, 

The word ' Mathio,' is probably derived from 
' Math ', a species of pulee (phaseolus a.cDnitifohus) the 
leavee of vhioh closely resemble the cotton. 

It 18 bIbo called * Satio ' from ' Sati,' a -thin cane ; 
aa the plant grows up straight without sending out 
branches of any length. Its other name is ' Divalio ' ae 
it ripens at the time of the Divali holidays. 

A variety of this cotton has white flowers, and 
hence reoaiveB the name of ' Dholifoli ' or the white 
flowez. 

As the cotton, after flowering for the first time, has 
■other Sowers fortnightly during the season, it is also 
■called ' Aithio ' from ' Aradi ' which means h^, and the 
.nstme impliei that it flowers every half month. 
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These vuioiu nuaes would lead one to think that 
many Tarieties were grown, but it is one and the aame 
BBpeoies under different names in various mahals. 

About Kesbod it is called ' Afar ', from 'a ' not and 
far ' to change — i.e., a sure orop is expected. 

Kala or Bhambad is a deshi Kapas, which, aa far 

ae I buow, is the old Dhollera deteriorated. The bolls 
of this plant do not open and this led to a great' 
industry amongst those who ginned by hand in the 
•days before machinery ; for the ginnera were those who 
drew the lint from the capsules. 

'Lalio,' a name derived probably from the fact 
■that the cotton appears to poor oat from the boll, is 
DOW Tery scarce. 

Attempts will he made to pat a lai^er area andei 
■this species. 

'Kadayo' is a variety of American cotton, formerly 
the principal crop in the Crir districts. It has a some- 
what broader and leas divided leaf with black seeds. 

These are however djstingiiishable from the Kala 
in that they have no velvet on them. Kala and Kadayo 
require heavy laans. Eala ripens late ; Kadayo, much 
sooner. The after effects on the succeeding crops are 
qnile difFerent. While Kala or Dhumbad and Lalio 
take a longer time to ripen and ate harvested about 
Febroaty— Hatch, the Mathio oc Kanyo Eapaa is 
ready for gathering after Divali. Hence, the absence of 
late xains diminishes the yield of the former bat has 
little effect on the latter. 
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Notwithstanding the difference in price this fscb 
has led the eDltivatorB to introduce the latter nriety. 

The majority of farmers, especially those to the 
South d Bagodu and Ajat, are now inoliued to revert' 
once more to the coltiyation of Eala as the yield from 
the "Kanyo ie diminiehiog year by year and the cereal 

crops that follow the latfer in rotation, especially bajro, 
arti very poor, that is to aay, the h&Lms grow well, but 
little grain ia prodaced, while such was not the caes 
after Eala or Zialia 

As the opinion of the Khedoots is diametrically op- 
posite in different mahals the important sabject of 
rotation requires careful study by this department." 

Mr, Moliiaon, M.RA.C, then Superintesdent of 
I'arms, Bombay Presidency, in hia Annual Beport of 
the Crovenunent Farm at Foonai for the year ending 
Slat March, ltt9i, writes " Beeides the effeet of hy- 
bridization, there are other controlling induences which 
tend to make the cotton of one district superior or inferior 
to (hat of another. Soil, climate, good or bad coltiva- 
tion, each exezciseB a material effect. At the suae time 
I am convinced that any attempt to supplant an inferior 
variety, indigenous to a district, by the introduction of 
a superior variety, indigenous to another district, would 
probably fail. The cotton soils of Khandesb and Sucat 
are not nnlike. The cultivation is about eqaal in each 
district. A discredited short-stapled variety (Vatadi) is 
the chief crop of Ehandesh ; whilst the cotton of Sotatia 
one of the 6neBt long-stapled varieties cultivated in India. 
I believe that neither of these cottons could with advan- 
tage be interchanged between districts. The results- 
obtained in growing Snrat cotton (Broach jDeshi) on ti» 
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Poena Farm exemplify how stabborniy cotton lenda 
itself to aoy ohangs. The out-tarn of lint was quite 
SBtisfactory ; the length of staple alec was good; but 
the fibre oom pared with that grown in Sorat was 
ooam and harsh." 

Some further light is thmwn upon the subject in 
the Annual Beport of the Deputy Director of Agri cuUure 
for the year ending diet March, 1904. Two paragraphs 
require the careful attention of all iuterested in the 
improvement of cotton. They run : — " Many attempts 
have from time to time been made in thie conaection, 
hat in no case can soooese be said to have been attained. 
The case of Dharwar (or aaw-ginnedO American, intro- 
duced from America about A. D. 1820 is, though etill 
grown as a field crop, no exception, since the quality of 
the fibre has ao deteriorated a<i to command in the 
market a price no higher than that of the local indigen- 
ous variety (KumptaJ. It ma.y be of intereat, in view of 
BO many applicationa received by me for seed of foreign 
varieties, to point oat as far as poBsible the cause or 
caoBes of the failures ; one cause is undoubtedly that in 
most cases the introduced variety has received the same 
treatment in ooltivation as the indigenous variety grown 
in the district into which the introdnotion has taken 
place, bmust be said, however, that this factor was 
probably not the predominant one in oauaing f&ilure. 

Withoat doubt the chief cause of failure is and 
always has been (he difference in the amonnt 'or 
distribution of the rainfall in the regions from and to 
which, respeotively, the introduction took place. Taking 
the cose of introdnoed Amecioan varieties we know that 
in America the crop has been grown (without irrigation) 
for ai least six months of its period of growth under a 
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nniform zainfali of 4 to 6 incheB per month. In Egjrpt 
practically the same amoQuti of water is eapplied in the 
form of two waterings per month, given from ittigation 
oanals. It cannot therefore be expected that orops from 
these conntrifiB wohM siicctied, even were all. othet 
oonditiona the eame, in a distriot, such as that where 
the whole of the rainfall of the year (42 inches) falls in 
about Si months. It is worthy of note that the only 
district of thifl Presidency (Dharwar), where the Ameri- 
can varie^ has been acclimatized at all is that in which 
the Tunfall approaches more nearly in distribntion to 
that of the cotton belt of America : — Dharwar has a 
rainfall of 33 inches distributed fairly evenly over 6^ 
months (April to October), etc." 

At Banipettai, N. Arcot District, where, owing to 
the sandy nature of the soil watering was a necessity, 
Metaffifi produced seed cotton in the plot experiments 
at the rate of 1000 lbs. per acre, and tree cottons, such 
as Thomatis, reached a height of six feet in well-bran- 
ched bushes by the end of six months, flowering well 
and prodocing bolls. They were attacked by red bog, 
which are eatiy to get rid of when they first appear, If 
a little kerosine oil is placed in a can, and the branches 
tapped gently, the bugs fall into the oil and ore killed. 
This done in the first week of their appearance puts an 
end to the peat. 

In the viHage of Khadia, eighi milesfrom Jnnagadfa, 
in Katbiawar, Watered Metaffifi prodaced over 1000 lbs. 
of seed cotton per acre on a sandy loam. 

So far ^Egyptian cotton has not been tried on a 
commerci^ scale. The results of the expedments in 
8ind are ooteneonraging. In the Annual Beport erf the 
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.AgricuUoral Departmeat, the stations outaideMirpiixfcbae 
and Doolatpiir report (page 4 'Egyptian cotton on the 
Jamiao'): — "InI908, 4,000 acres of Egyptian cotton were 
fiowB in the Juniao. It was moatly Ahami with some 
Mitaffifi in Singhor and Jamc^fiahad. The crop on the 
whok waB very poor. It could not be sown in proper time 
aa the water-supply in the canal was deficient, lb suffer- 
ed mnch also in common with other cEops from flooding 
in Bome diatricts. The cultivation too was poor and 
-there was probably not more than 1,500 acres of cotton 
•which conld be Bud to be e^t all good. 4,000 mannds of 
cotton were sent to be dispoaed of at (he anotion at 
Mii-pviirkhaE but owing to the quality of the cotton it 
had tu be sold privately at Bs. 9 for Abasai and Bs. 6 for 
Mitaffifi per maond of 81 lbs." 

The l^to 1^ D- obtained is far enough removed 
from the 5^ D. per lb. and the Bs. 225 per acre 
Egypt. Of this exotic the Director-Q^eneral of i^onl- 
ture writes : — " If Egyptian cotton is introduced aa an 
irrigated crop into.the Bombay Presidency it must of 
necessity oocnpy land that is suitable for irrigation. 

'The teztnre of thesoii in a great measure determines 
this. On land suitable forirrigationwithirrigationfacili- 
ties, ezpensiveiy cultivated and valuable crops now grow. 
■Sooh crops ondee favourable oonditionB are taken in 
rapid incoesBion, two at least per annum, the annual 
produce at a moderate estimate being worth Rs. 800 
per acre and often a great deal mote. The idea of 

' growing Egyptian crops on the deep Uack cotton soib 
of Broach or Surat is impracticable, inasmnoh iw anofa 
land is iinsuitable for irrigation. .There are lighter 

.soil areas inDharwar and Khandesh now growing cotton 

.AS a Btaplfi crop which with faoUitieB for irrigation 
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and a Bofficient Btlji^ly of manure could be irrigatoct 
' to ftdTBntage. The caltivation of Egyptian cotton on 
BOoh ueaa wouM no doubt be taken up by ordinary 
onltiTatorB (a) if it was certain that the onltivation o£ 
thia exotic wu free fi-om riHk, (h) if the out-tam under 
faronnble oonditions was werth as much ae or moce 
thftn that of such ordinary garden crops, m oaions, 
ginger, ttirmeria,'Bweet potatoes, yaniB, etc." 

But the old recoidB had not been referred to, and 
the new rulers knew not MolHson and certainly did not 
heed his coansels. But, before troubling about exotio 
cotton, let ufl hse if a paying crup can he obtained 
from indigenouB cottona, -when complete well-balanced 
fertihzers are need. If this can be done, the raiyat will' 
soon follow the example given, and, in course of time, 
will Bee his way to try, on a small acale, experiments 
with exotics that may posaibly pay him. No doubt the- 
reports of what is obtainable from long-stapled cotton 
are tempting, and we do not wonder that trials were 
made to grow Egyptian cotton, when we find in the 
Be port of the Director of Agricoliore for 1897 : — " Mr. 
Tata points out in his pamphlet that the avei-age ont-tarn 
of clean cotton per acre in the most favoured dietiict, 
Broach, is not more than 100 lbs. per acre, estimated to- 
be worth in English currency 8} d. per lb. He estimates 
the average out-turn in Egypt to be 600 lbs. per acre 
and on account of the &ne quality of the lint is held to be 
worth 5^ d. per lb. In Indian onrrenoy, at the present- 
rate €it ezohuige, the Egyptian ont'tnm is equivalent to- 
Bi. 23fi par acre." 

It is a glorious outlook, and we may devoutly hope 
that some »ioh profits will become genemt in India. 
Bat we must flnt know EOmething more d olimate, . 
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soil, raiD&U, tillage, mantires, etc., that will bring about 
this happy state of affairs. In the meantime a little 
attention to maauiing may bring our indigenous haz- 
vestH to figoiet not' far removed from the Kgyptian 
standard. But to accomplish this, fertilinng will have 
to be resorted to. You cannot expect to gei everything 
for four annaB. As a rule you will get only four annas' 
worth. ' 

Bi'eh as the soil of Egypt has become by the silt 
deposited from the overflow of the Nile dnring ceninries, 

till the allovium is anything between 55 and 400 ft. in 
-depth, it has already been found that the canal fiystem, 
allovring ol the growth of crops all the year round, has 
so depleted the soil that artificial manuring must be' 
ceBorted to. 

That drainage on a larger scale mast ^company 
irrigation is a!ao only too clearly shown, by the targe 
tracts on the lowest part of the Delta being converted 
into swam^ anonltivable salt marsheB. 

The yield of cotton per acre is going down rapidly 
-whereas 

in 1895 — 1897 the average yield was 500 lbs. per acre. 
., 1898—1900 „ „ „ 450 „ 

„ 1901—1908 456 ,. 

., 1904—1908 it was 886 „ 

In 1907 the total yield was 316,000 tons ot 
1,764,000 bales of 400 lbs. each. 

At this rate of deterioration 3 a check is nut put to 

it the average will soon fall below America, and in a 
single lifetime perhaps sink to the level of an Indian 
cotton harvest. 
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The ohiet oaoses to whioh this is pab down are : — 

(1) Overcropping. 

(2) Deterioration in quality of Beed. 

(3) losufficient drainage. 

(4) Want of Manuring. 

The Ameticans have to spend money to makd- 
money, and they have the Bense to do it. With good, 
manniing and carefully seleoted seeds, well-oaltirated 

areas have produced 300 to 800 lbs. of lint in the United 
States, though the average for the whole coootry is 
about 200 Ibfl. Besort is now had to heavy manuring 
to obtain good crops, and special fertilizers are nsed to 
haston mataritj and thus shorten the growing season. 
It may be, urged that our peasants are so poor that 
there is no gaestiou of purchasing fertilizers. If individ- 
ually the task be found difficult, combination will soon 
enable f hem to obtain the help of Agricultural Banks,, 
and if Italy appeared in as hopeless a condition of agri- 
onltnral insolvency as the India of the present day, there- 
is no reason why car raiyats should not imitate the- 
action of the Italian peasants, who are now proeperonS) 
and perhaps the best agriculturists in the world. Any 
way, small experiment can be tried in a number of' 
villages, and if these prove RiicccHRfiil, no further urging 
will he required to set the oaltivators on the right road 
to increase retams from their cotton fields to a consider- 
able extent. 

To enable the laiyat to see what is done in the 
United States of 'America, the great cotton-producing 
country, an interesting report on the coat per lb. of lint 
to the American fanner is here reprodoced. If there ia 
a heavy return pet aete, there is no slight expenditare ; and 
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in the matter of fertilizers the peasant here will soaroely- 
believe it possible to obtain a profit whea so m'Joh money 
is put into the soil before the seed has sproated. But 
ibia alone will explain how the farmer the United 
States can get a harvest that may not be considered 
anythinj^ very great iu hio GOunUy but would be a mine 
of wealth to our pooc kuubib, whose wants ace so few, 
and whose support oosts so little. 

Aooording to the latest Qoremment retorns for the 
year 1909-1010 the acreage under cotton in India was 

20,227,000 acres, and the estimated crop for an s-^ceedmg- 
ly good year 4,626,500 bales of 400 lbs. each, showing an 
exceptional retain of 89'S lbs. per acre. Against this an 
average of 198 lbs. as shown in the table of the cost of 
raising cotton on a number of American farms, points 
practically to the diSercnoe, not in climate, soil, tillage 
or labour, but to the want of manuring. Yet 198 lbs. is 
not a high average for the States, and there is no reason 
why, if fertilizers were used in India, the returns should 
not equal chose of America. The gain here would of 
coarse be far greater, for the nilirste of potash/ oilcakes, 
etc, are cheaper, and the cost of labour iniinitely less. 
The kunbi will simply rub hia eyes when he sees the 
oust of production across the Atlantic. It it> doubtful if 
he will believe a word of it, but we merely mention well- 
established facts and fignres in the following quotation 
from the "Times of India " of the :37th May, 1909, in 
the- oolnmn ' Trade and Finance,' where the following 
article on the oost of producing cotton appears : — 

" There has been a great deai of diBouBsion of late in. 
the United States about that important and always 
interesting qaestion, what it costs to prodnce a pound of 
. cotton. It is often said that the cost has increased 



836 



ftBormonsly in recent years, and that a price of eleven to 
fifteen cents, (5*28 to 7*20 annaB), per pound is neceaeary 
to remaoorate the farmer. " Farm and Banofa," » paper 
published at Dallas, Texas, has been printing » yolmni- 
noaa correspondence on 'What it coeta to prodnce cotton,' 
oontriboted by farmers, who have given actual figures 
and estimates based on their own experience. 'Snob 
estimates, ace, of oouree, likely to err, if at all, on tbe 
high side, aod indeed some of the figures given have 
been bo obviously enaggerated as to draw protests from 
other tarmeis. Tbe whole oorrespondenoe in nine issues 
of the paper has been carefully analysed by Messrs. A 
Norden and Co:, of New York, and excluding only a few 
letters which contained inauSicient details, they have 
tabulated and averted the figures contained in the re- 
maining 45 letters, written by 37 farmers in Texas, four 
in Axkansas, three in Oklahoma, and one in Xjonisiana. 
The size of the plantations dea.lt with ranged from 1 to 
100 acres, and the aggregate area was 1,153 acres. The 
results of this analysis are bo interesting tbat they may 
be reproduced in detail." 

Messrs. Norden say : — 

"We have taken everything exactly as given, cor- 
recting only Bome obvious errors^ and wherever some 
one detail was missing we have made fall allowance, 
giving the produoer tbe benefit of the doubt. To take 
np the items in detail : Preparation of the soil, planting 
the seed, and cultivation are exactly given ; the onl/ 
feature to be noted in these items is the fact that in 
most of the examples practically none of tins ejj^eim 
is really an actual cash outlay, but only an allowance of 
supposititious wages that the farmer makes to himself 
for the work done by himself, at rates varying from 1 to 
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Sdollara (Efi. 3 to d) per day and averaging 1 dollajr 70 
oenta (Be. 5-4-0) per day. ' Bent ' in moat casefi is 
figured at 4 dollars (Bs. 12) per acre, some paying only 
8 dollarB (Bb. 9), while others rent on shareB ol the 
produce, in which case it is conwiderably higher, con- 
tingent on the outturn of the crop. Where rant is not 
mentioned, the (armec owning hia own land, we have 
oharged it at 4 dollars (Be. 12) per acre, ' Wear and 
Tear'onBtock and implements is only included by a 
lew, bat from these few we gather that 75 cents 
(Ba. 3-4-0) per acre would be a full allowance. To be 
more enre, one man inoliidRd a three hundred dollar 
pair of males and several hundred dollars worth of im- 
plements in his estimates of the cost of one urop of 50 
acres, hut aoch figuring is manifestly absard, as the 
outfit would serve for at least five crops, possibly ten. 
We ba.ve figured on only five years' life on soch proper- 
ty or 20 per cent, annual deterioration. Many have 
•omitted to acconnt for the seed, or have given the seed 
to the ginner to pay for the ginning. In these oasea 
we have 6gured the seed at only 11 dollars (Bs. 88} per 
ton, charging in the ginning column and crediting in 
the aeed oolnnm. 

To arrive at the item ' Yield of lint per acre ' 
whenever exaot figures have not been given, or the re- 
sult has been atated only in bales or in seed cotton, we 

have taken a most favourable haRia, viz., one bale to 
three acres, which is rather less than the average fiOO 
lbs. per bale, though Ta:ia8 cotton averages considerably 
higher, and the seed cotton to k third itself (lbs. 1,600 
'«Beed cotton equals 1,000 lbs. seed and 00 Ihs. Init), 
ihongh it will probably run 37 to 38 per cent. lint. The 
-eatimated ne^ cost of production of one pound of lint in 



830 * 



these exttiDplee ranges from 1'4 cents per lb. to SS'S; 
oentB per lb. (6 046 pies to 10-704 annas), bat neither of 
these extreme resalta should be taken as a basis. The . 
former was the result of an exceptional yield— 653 lbs. 
ot lint cotton per acre and accounting for the seed at SO' 
cents ■ per bushel, while tho latter was the result of a- 
crop fiulure, 65 lbs. of lint per acre. In the following* 
table we have separated the reports as follows : — 

Net cost of production. 



General average of 46 re- 
ports 

Average of 7 exceptional-\ 
ty favourable reports, I 
fignring below 5 ceata. [ 

per lb, ' 

Average of 32 reports 
figuring between 5 cents 
and 9 cents 

Average of 6 exceptional-] 
ly nnfavourablo reports [ 
averaging over 9 cents. J 



7-73 cents per lb.= 8 
8^ pies. 

4*26 cents per lb.=3 
0} pies. 



6'82 cents 
3 pies. 



per lb.= 3 as. 



16-04 cents per lb.= 7 as.. 
8 pies. 




III* 

till nil 



Ml 



Acres npiwtodmi 

PrepiroCicin □! sail 
FStatiag »ai naeif 
CultivatioD (o outdrity 

Saw oMt to bitag mw 
MCI to Butailtj 



1163 

Dollars. 
1-32 
. -65 
3-i3 
1-lS 
■76 

lb-68 



par 
1-31 

■62 
d-09 
9-16 

■75 

10-9B 
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Am. 

1-59 
■67 
3'78 
*-18 
76 

9-91 



iMl 

1-78 
'S3 
6-70 
4-01 
■76 

is-se 



331 



YMd in lins oMoa per 
acre ia l)i 

Cott ol lint la Helds. Cents 

pai lb. 
Olnning ud hauling pec 

lb. 

Fioking psi "a, 

Grosa cost o; lini per lb. . . 

Leas value o 1 E^eed per 

paimd of lint 
Mm eolt of lint Mt lb. 
Oott ol lint in unM 



russ, Mil 

^ I ^ 



IC 



' 1 



180 


ago 


aoo 


100 


PollftCS. 




Aon 




ft-fiO 


3-84 


4 '77 


13-es 


1-10 


■84 




lit 


a-21 


1'69 




a-ar 


B'91 


d'07 


7-98 


17-lT 


1-18 


l-8il 


1-lB 


1-18 


7'7B 


4-aB 


e-aa 


, 16-Oi 


8 m, Si p. 


3ai. 01 p. 


Sm. 8 p. 


7M.8P. 



We tliinli that with this elimination of the extreme 
ggnrefi on both sides, leaving the average of the 33 re- 
plies showing cost of pFoduotion 6'82 cents (3*273 annas) 
per lb., the result is a very fa^r representation based on 
the producers' own figures of the average cost of produc- 
ing cotton in Texas, though a8 will be seen by the table, 
this oost depends principally on the yield per acre. No 
one oan fignxe on (he oost of a orop failure, and uothiag 
is allowed for personal expenses of the producer and his 
family. Obviously, the man who raises a iew bales of 
cotton and nothing else, will haro a hard time getting 
along, no matter how high cotton may sell. It is, of 
course, understood that nothinj^ is included in these 
fignresfor 'fertilizers.' In the Eastern belt this is a 
serionB addition to the cost, tbongfa it is probably oom- 
pensated for, to some extent, by increased yield per 
acre. Messrfj. Norden also call attention to the publica- 
tion in the ' Cotton Trade Journal ' (SaTBOinah) for ^p^il, 
of a statement of cost of production said to be made tip 
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of Bgares sent in by Mr. J. M. fiarwick, one of the 
leading farmers of the Slarendih Country, Sotttfa Carolina. 
Adding Bent and Wear and l^ear to conform with Messra. 
yoiden'B TeuB oalcnlations, Mr. Barvick'B osop figures 
come oat as follows : — 

Kongbing, patting in fertiliKers, etc. $ m. a. 

20 acres @ 16 ( = Rb. 24) ... 160'00 or 480-0 

Perdlizers 20 acres @ $26 (=Bs.75) 500 00 „ i,SOO-0 
Hoeing ... 30-00 „ 90-0 

Bent ... 8000 „ 240-0 

Wear and Tear ... 15-00 „ 45-0 

Picking,35baleB@750(=:RB.22-8)... 262-50 „ 787-8 
HanIing,ginning,eto.86ba1eB@f3... 70'00 „ 210-0 
OroBS cost of production ...1117-60 „ 3,352-8 

Less seed ... 262-50 ., 787-8 

Net cost of production of 35 bales of 

500 lb. €ach=17500 lb. ... 855-60 „ 2,565-0 

<}<x% of 1 lb. ... 4-89centB= 3-347 

annas. 

In the light of these figures it is difScult to accept 
the Southem assurances that the farmers " will go to the 
poor house on 8 oente (8 annas and 10 pies) cotton " 
ftod that they " must have 10 cents (4 annas 9} pies) to 
live above want," unless indeed we interpret 'want' in 
the liberal sense of the economists. 

The first thing that strikes ne in' India is the cost 
t^. fertilizers pl&ced at Bs. 75 per acre : then comes the 
tent, Bb. 13, and ploughing and putting in fertilizen 
Be. 24. The cost of producing 875 lb. of seed cotton per 
Mire or rooghly 300 lbs. of lint was Us. 167-10 [ess Rs. 39-6 
lor seed, amonnting to a net cost of Bs. 128-4 and on this 
a very good pro6i was made. 
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The sums axpeoded will appear fabolooB to tb» 
Indian peasant, and are far beyond hie present means, 
bat fftitly well-to-do loindlordB will prob&bly .endeavour 
to Booceed with muincM, ftnd in oonns ol time the 
ordinary farmer will follow, even if he has to borrow the 
mone; : and he -will do bo the more readily i| Tillage, 
banks. oome to his aid.' 

From the analysis ol' the plant and its produce it 
will be easy to ewcertain the quantities of the chief 

manurea lemoved from the soil by a crop. An ayeraga 
crop takes 54 lbs. Nitrogen, 19 lbs. Phosphoric acid and 
40 lbs. PotBBh. If Nittate of Potash be nsed for thS; 
Kitrogent it is at once ta^en up by the crop, and not 
mnoh is reqtiired ; but as the danger is great of its being 
washed away by the rains, it may be advisable to use 
the ordinary oilcakes . of the cotmtry, well groond. 
According to Sooteiran and G-era^'din, til seed contains. 
5'57 pel- cent. Nitrogen, and 10 owt. of this shoald be 
sofhcienttoGupply the Nitrogen required per acre. If 1^ 
cwt. of Bonemeal or Basic Slag were scattered evenly 
over the field before the first ploughing, there would be 
a soffioiency of phosphoric acid, and a cartload of ashes, 
or S cvrts. of Eoinit, oi 1 owt. of Muriate or Sulphate of 
Potash, naed^with the Bonemeal or Basio Blagi WonU be. 
enongh for the neoeoaary Potash. 

From experiments made on the peasants' own fields, 
at Barai, in the Deocan, it is evident that fertilizing pays,, 
and pays well. 

Woiied in the ordinary way, v^iihoat any interfer- - 
enoe whatever with the Eunbi's agricultoral methods, 
various plote were manured with different fertilizers^ . 
with the result that, though all were otherwise treated, 
alike, the otop vras very different. 
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From the nnfeirtilized plot the return was 50 lbs. 
lint ; mth 4 tons oi cattle manure a similar plot returned 
80 Ibq. lint, whilst thoBe treated with loughty ground. 
Mrthmt and til seed oake together with bona and potaah 
produced 160 to 200 lbs. of lint. The difference in crop 
could be Been at a glance, and the weighments, taken as 
the eropa matured only confirmed the expectations rEtised 
Inun a glance at the fields. Althongh Be. 25 was paid 
far oil seed i;ake. Its. 5 for bonemeal, and Be. 8 for 
potash, in the absence of asheB, per acre, the cost of ferttli- 
zezB was about half the average fonnd in the American 
reportfl given in the preceding pages. The other items 
of expenditure stand no comparison with those to which 
an Indian household is accustomed, and thei'e is no 
■donbt that a large increase of wealth is open to India if 
only a proper system of mannriug the cotton fields is 
resorted to. 

Taldng the lint crop roughly at one-third of the lint 
and seed crop combined, the following are the results of 
the Barn trials : — 

1. TTnmannred ... 50 lb. 

2. Manured with 4 tons cattle dimg ... 80 „ 

3. Kitrate of Boda 1 owt. and euperpho- 
■phate 1 cwt. ... 120 „ 

4. The above and Eainit 1 owt. ... 150 „ 

5. Nitrate of Soda I. cwt. and 2 cwt. 

each Super and Kainit ... 180 „ 

6. Oroundnnt cake 2 cwt. and 3 owt. 

' • each Super and Kainit ... 200 „ 

The land had received very little attention for years, 
and the chief point kept in view was to spend as little 
money as possible in fertilizing, so that in no case was 
there a eoffioienoy nitrogen, Where Nibrate of Soda 
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fras used much mast have been lost during the heavy 
'Bhowen that foUowed aiter the top dreraing, and thus, 
-ooatiary to expectation, the groxindQut oake showed bettec 
leBQltB than the Nitzate of Soda, whioh oan be explained 
1^ the fast that a. great part of the latter was waahed- 
away. The fiel<is tieated with artificial fertiIi»rB gave 
<iEopB far in ezoeas of the cotton-delds in the distiiotB 
.aconnd. 

Aooording to reports from the Department of Agri- 
enlture of the United States,'one a^re of land producing 
800 lb. lint IB deprived of the following qnantities of the 
'«hief plant-foods : — 





lb. 


Nitrogen. 


PhoBphoric 


Potaeh. 








aoid. 




Liat 


... 300 


0'72 


0-18 


2-22 


Seeda 


... 654 


' 20-25 


6-66 


7-63 


Pods 


... 404 


4' 54 


1-14 


12-20 


Leaves 


... 575 


13-97 


2-57 


6-57 


Stalks 


... 668 


5-21 


1-22 


7-74 


Boots 


... 250 


1-63 


0-38 


a-76 


Total 




46'32 


13-16 
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The lint takes practically nothing from the soil, and 
cotton and cotton-gelda might be fruitful indefinitely if 
only the seeds oould be returned in the shape tjt well- 
gzoond cake, since the oil contains nothing of importance 
to the growth of the plant which cannot be supplied in 
large quantitieB by the soil. 

In America practical experience points to the bene- 
fit derived from heavy phospbatio manuring, though the 
'"''*'^i<m1 analysis shows so little phosphoric acid token 
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from the soil. Thoug^h a crop o£ 300 lb. of lint removfti 
from IS to 20 lbs. phosphoric acid oEF the land it is 
coustomtury ia the United States to add to the Nitrogen- 
DOS and FotHsio fertilizers no lesa (ban 600 lb. of 
. BQperphosphate, containing about 80 )b. of phos- 
phoric acid. The greater part of the phosphoric acid 
found in the crop settles in the seed, as we see from the 
analyBes of the CommisnoQer of AgrionltiiTe, Washington, 
U. 3'. A., in bis report of ISli. According to these, the 
ash of the cotton seed cootainB per cent. — . 

Potash- ... 35'44 Soda ... O'Sl 

Magnesia ... 15'U6 Lime ... 4'45 

Pho^hoticacid ... 80*01 Sulphoiie acid ... 3'22 

Oxide of Iron ... I'O? Chlorine ... 0-49 

Carbonic acid ... 3'46 Sand & charcoal „. 5'96 

From this we see that potash is contained in targe 
quantities in the seed, and the iact that IMagnesia is 
present in as targe a quantity as 15 per cent, points to 
the pacttcnlac fonn of potash to be nsed, viz., Eainit, 
which contains sulphate and chloride of magnesia to the 
extent of 27 per oent. together with 12'55 to 14 par 
cent. c£ potash. 

It is evident that half the food-stuil taken np by the 
plant finds its way to the seed, and though the lint is 
what is chiefly required in oommeice, it is merely a pro- 
tection dengned by. nature for the seeds to enable them 
to b» more widespread and self-sown, where the plant 
is foond in its wild state, 

As is the case wherever manures have been tried, a 
ctnnplete manure always proves best in growing cotton, 
and a well-bal&nced fertilizer will be the oheapest. 
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Prom experiments undertaken by J. D. Wood, of 
Eftrdemui Oowaby, TennesBee, on loam with a etiff oiay 
gab-Boil, we find the following xeanltB : — 

Crop. (Lint and Seed). 

1. Unmaaated ... ... ... 218 Ih. 

2. Sap^hbaphate 300 lb. 1 
' AObiliBaltpetre 4dlb.,r" 

I Superphosphate 900 lb. in April 
8. Kainit 242 lb. „ „ ... 77S ,. 

'Chili SftlKpetre 45 1b. „ May 

The unmanured plot gave a return equal to about 
the aTerage of a good' year in the Bombay Feesidenoy. 

The difference between an onmannred plot and one 

treated ^'ith a complete fertilizer is plainly shown in the 
figures given by W. E. Hodges, Arkansas. 

The unmoaured acre produced lOO lb. lint and seed 
per acre, while that manured with : — 

470 lb. cotton seed cake 
600 ,, superphosphate 
480 ,. Kainit 
2000 „ lime, produced 1000 lb. do. do. 

In Dra. Pelber and Walta's " Die Ealidoengang in 

den Tropen and Subtropen," we have an account of 
experiments with Egyptian cotton, that show only too 
plainly the value of manures, and that the greatest crop 
is obtained from a complete fertilizet: 

Lint and seed per aoie 

1. Unmannred ... ... 786 lb. 

2. 70 lb. Chili saltpetre ... 965 ., 
8. auano 58 lb, ... ... 1,033 „ 

4. Guaaoiailb. ... ... 1,336,, 

6. Chili saltpetre 61 lb. and Muriate 

of Potash 8S lb, ... 1,137 „ 
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Lint and ieed pei »». 

ChiU fiaUpetre 36 lb. 
6. Muriate of Potash 90 lb. ... U88 lb. 
SuperphoEphate 90 lb. 

Here evidently the soil had ft snffieiene; of nitrogea, 
foe in no cam was there enough of this plaot-food in the 
Bhape of foEtilizeiB to produce an ordinarr, and far too 
little (or a hamper crop. But previous green manuring 
had supplied this. 

In India, on the other hand, an insafficienc/ in the 
soil is the rule, and oonsec[ueatly, when quick-acting 
mfaragenoog manares are too costly or not available, it ii 

advisable to raise quick-growing leguminous crops, &ad 
to plough them into the soil about flowering time. 

Bat far more interesting than experiments carried 
out in foreign lands are those we find in India itself in 
the growth of iudigeaouB cotton. 

Owing to the courtesy of the present Director of 
Agricnitnre, Baroda State, Mr. M. A. Sitole, B.A., Bar.-at- 
Iiaw, MH.A.C., we are enabled to supply a set of 
experiments. The net results compare not nnfavoura- 
bly with those of the United States of America; and it 
is to he hoped that a oontinnation of snoh experiments 
may lead to still better results. If a complete manure 
be tsiken as a basis in all tiiala, and duplicate plots be 
naed to correot any Tariation in the soil when final 
compariBons are made, a change in the quantity of the 
plant-foods in turn, only one being changed in each 
plot, will soon lead to a decisitm as to the most paying 
and oheapest mannra. 

It is a pity similar experiments have not been tried 
in vaxions parts of the country. If every year Buofa triall 
weremade onafurly large scale in the centrei of ootton 
distoiotai, much good woald be attained. A comparison 



88B 



should be made between the expenditure in raising cot- 
ton in the States and that in India. The Dei piofife bj 
the use of manuras will be found to tell in favonr of 
India, and eBpeoiallf in the diatriots where Bcoaoh cotton 
is grown, immeDse gains will lesult. 

When we leaTe generalizing and ooijae to actual figu- 
res we are ovetwhelmed with the gain that would aoorne 

to the country hy the use of well-balanced concentrated 
fertilizers, Were such ma-auring general (and the in- 
gredients can all be procured in this coantry), what 
would be the net pto^t the Baroda figoreiri ^w ua 9 
But leaving these aside, if we suppose an arerage extra 
profit of Bs. 5 per acre, the sum goes into etons of 
rupees for the whole oountiy. 

Such an aim is worth endeavouring to attain, and 

the means are within the resources of the farmera. 

Appended is the "Statement showing the results 
of the Manorial Slsperiments with Cotton of the Baroda 
Model Farm for 1909-1910." 

There is a remark against plot SOA which is not 
quite clear. It reads : — " But there should be some 
Farmyard manure at least 10,000 lb. costing Be. 10." 
The general remarks on all the experiments is also not 
quite plainly expressed, viz., " The Bajri crop which 
was in rotation with the above cotton yielded 102 
mannds 82 lbs. only. The result of the above experi- 
ment cannot be taken as cnnctnsive and true, aS this WAS 
the first year o£ the experiment and the plotting made 
was vary detective." 

However the result are given for what they ore 
worth. 

It is to be hoped others may be induced to undertake 
similar experiments on similar lines, and benefit them- 
sdves and the laiyata of the country. 
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Plot 23A with no manare returned by no mdUlB 
a amali harvest of 634 lbs. and a net profit of Rs. 34. Jadg- 
ing flora the remark colaiun of the leport and from 
«he oat-tnxn, ptot 30A. was manured vith' 10,000 Iba. U 
farmyard manure, which incrioased the harvest ovec 
the unmanaced plot b; 462 lbs. per acre, and the 
profit by Bb. 49. This shows onJy too cldurly the bene- 
fit to be derived from the use of muinres well within (he 
means of the raiynt. Doubling the amount of the 
farmyard manure, by an eitpenditure of Rs. 20, the net 
profit rises to Ite. 104, in plot 19, and the extn expendi- 
ture of Rs. 10, causes a further gain of Re. 20, or a net 
-extra Rain per acre of Rs, 10. Plot 23A confirms these 
results; for, though 20,000 lbs. farmyaLd manure was 
to he employed eveiy second year only, this was the first 
year and the whole quantity had been used. The net 
profit was Bs. 143, or Ra. 109 above the xmmanured 
plot, and Rs. 60 above that manured with only 10,000 
the. but the differenoe between plots 20 and 28, viz., 
1,000 and 1,H98 Iba. cf seed cotton, or Bs. 59 pet acre is 
not easily explicable. 

We find that the ' no manur« plot ' 23A is 16th or 
last in the list of out-turn and of profit, whilst plot 23, 
fertilized with 20,000 lbs. of farmyard manure, headed 
the list with an out-turn of 1>396 lbs. seed ootton and 
a net profit of Ra. 143 per acre. 

Poudrette to the ftmount of 20,000 lbs. must be diffi- 
'Oult lor the ordinary cotton grower to obtain. It comes 
seventh in the out-turn list (1,058 lbs.) and twelfth nnder 
net profit, and may be omitted ai' hot praotioal ai pre- 
Bent. 20,000 lbs, of tank silt is nearly as costly cia 
Artificial fertilizers, and cannot be got by many. Its 
«ut-tam ranks ll(h« with Ammonium Sulphate, and takes 
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18th phce in the list of net profit, though Bb. 68 w a. 
net profit per acre veil worth obtaining. 

A study of the substitiiteB foe farmyard mannce in. 
the shape of artificial fertilizers is open to us in this re-' 
port. The resnlts are BOmetimes puzzling, m when vft 
find 100 lbs. ci Nitrate of Soda giving an oat-tom of 1,140- 
lbs. of seed cottoD and the harvest taking 5th plsc^c in 
quantity and profit, (Be. 109), while 100 lbs. of Sulphate of 
Ammonia retomed only 984 lbs. or 10th place in. prodaoe 
and 7th plaoe in profit (Ba. 93). Here one might be led 
to infer that the soil was wanting in potasb, and that, 
the soda in the nitrate took the place bo a certain extent, 
of the missing potash ; but plot 16A. treated with 100 
lha. of Salphate of Potash, returned only 944 Ibs. 13th 
in qnantity and 9th in net profit 87). 

With iucoraplete raanurea we conatantly get figures 
that puzzle, and, in aland like India, where auch fertili- 
zers are little understood, we do not pee what advantage 
is to be gained at present by their ose on demonstration 
tamxta, except, of course, when manuring legaminosae,. 
when nitrogenous fertilizers might be unnecessary, if 
not harmful. Sulphate of Potash (Plot 16A), for in- 
stance, retarns 941 Iba. whilst 3 owt. of snperphoephate- 
added (plot 16) lowers thn return to 70S Iba. the 
nearest approach to the unmanured plot. Yet super- 
phosphate added to Ammonium Sulphate (plot 18) in- 
oieaead the harvest from 984 lbs. (plot 21 } to 1,238, 
and the net profit from As. 91 to Rs. 116. 

The effects of 500 lbs. of a complete fertilizer (plot 
19A) viz., 100 lbs. Ammonium Sulphate, 100 lbs. 
Potassium Sulphate, and 300 lbs. Superphosphate, cost- 
ing Ba. SO, and taking the place of 30,000 lbs. of 
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farmyarcl monnre valued at Bh. 30, are seen in the har- 
vest o( 1,356 lbs. of Eeed cotton, i. e. only 42 Iba. leas than 
plot 23 and Ba. 17 less in profit. It came becond in the 
list for oat-tmn and for neb pEofit. - Bat half the qoantitr 
of fertilizer of plot igA added to 10,000 lbs. of farm- 
y»rd mftDnre returned only 1,0'30 lbs. of seed cotton, and 
though bite net profit was vecy good, viz. Rs. 82, it is 
down llth in profit and 8th in ont-tozn. 

Having placed these notes before the Direotor of 

Agriculture, Baroda State, he sent the following letter 
in further explanation of the remarbs that aooompanied 
his experiments : — 

Sib, 

I have the honour to acknowledge with thanlis the 
receipt of yonr mannscript and the seed of tree cotton. 
Bent with yoora dated' 20th instant. 

With regard to your remarks in the manasoript on 
the cotton espQciments, I wish to say a few words : — 

(1) The remarks against plots No. 2QA viz., " but 
there ahouM be some farmyard manure, at least 10,000 lba< 
oouting lis 10," can be explained thus: — 

In plot ^o. 20A no farmyard manure was given at 
all. Had it been given and then if no top-dreaaing 
whotBOerer was to be applied to this plot, we should 

have been able to compure its r<;snltH with the adjoining 
plot No 18A which was also treated with 10,000 lbs. 
ol farmyard manure, but which was given a top-dressing. 
Thns we would have been able to Arrive at some reaoltB, 
regarding the application and non-application of top- 
dzeBsing composed of a complete arti&ci^ manure to the 
DOtton crop. 
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(2) There is a general remark that we are not in a 
pOBition to demoiiBtrate the rotation of Baj'ci with cotton 
from one year's exf eriment onl^i aa many experimental 
errors aie liable to pteep in, though the ntmost care u 
taken to avoid them ; and in order to reiue<3y this eril 
we mnrt convince oursel-vcs thoroughly by repaating 
the same experiment for two or three years more ; and 
irhen we have done thia, then and then only should we 
try to demonstrate this experiment to the cultiTators, 
otherwise not. 

(3) Plot. No. 20 has been manured with 20,000 Iba. ■ 
of farmyard manure in the same year, white plot No. 23 
was manured with the same quantity and quality of 
farm vai'd manure, but in the year before the cotton crop 
was taken. Now plot No. 23 shows an increase of 388 lbs. 
of seed cotton over plot No. 20. 

This shows that the cotton crop is more benefited by 
a previoQB manaring of the farmyard manare, thaQ 

a direct application of it in the same year. This fact 
has been confirmed by the Bombay AgiicaUnral l;epart- 
ment and hence requires no other proofs. 

The manuscript is Mtumed to you per book post, 
with thanks. 

I have, etc., 
(Sd.) M. SITOLE. 
Director of Agrumlture, Baroda State. 

It will be interesting to watoh the results of a con- 
tiniution of these experiments for a few years, while 
new plots are laid out for dealing with complete fertilizers 

Only, to ascertain the cheapest and most paying method 
of raising the best crop without permitting the soil to 
deteriorate. 
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Bat before mahing attempts with coQcentrated 
fertilizers the ordinary cultivator should be induced to 
fertilize his cotton fields with an annual application of 
« few torn of oattle manure. Even S tons thiu used 
year after year are boand to shov their good effects be- 
fore long. 

From the most interesting series of manure experi- 

meatB, to be found m the Annual Reports of the Surat 
Government Experimental !!Farm, we can gather what 
43an be done by Uie use of fertilizers within the reach of 
xaiyats, and the gain to be obtluned. Slight at first, the 

impvovement continues as years go on, and the gradual 
incre^e is an object lesson that may be taken advantage 
of by the Indian farmer. 

On similar plots, for three years in eucceesion with 
no other rotation but jowar and cotton the onmonured 
plots retnmed an average of 191 lbs. of seed cotton, 
whilst the plots manured with 5 tons of farmyard manure 
resulted m a harvest of 300 lbs. per acre, and far better 
crops were obtained by the same manuring with the 
ordinary rotation found in varions parts ol the conntry, 
BOoh aa legurainouB crops grown with or after jowar, 
wbioh had succeeded cotton. Zt is true little farm yard 
manure oan be spared for dry crops that pay as little as 
■ootton does in many parts of the oomitry, and cotton 
is very much negkctcd in thi8 respect, but there 
ia no reason why small trials should not be made to aee 
how beneficial they may prove. Evan if in the first year 
or two reeults are not so striking as one might anticipate, 
there is no doubt, that, in course of time, both the soil 
^nd the crops will be benefited to agreatextent and the 
progressiTe farmer will see a plentiful return for oaing 
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hie braina when fertilizing hiB fields. "Ha can use oil- 
cakfis, boaemea.!, saltpetre and ashes annnall; in small 
qaaotities where cattle manure oannob be spared for dry 
oxops or is diffioali to obtain. The tai^t is not asked 
to spend the very large Bum« employed for the parpoM 
in the United States u£ America, but to nse bqibII sonia 
year by year to keep his fields in fair condition. 

To further illustrate the difference between crops 
obtained from anmanured fields and those manured in 
the ordinary my, we extract two experiments from the 
Bombay Crop Experiment Report of 1890 — 91. They 
were conducted at Jambusar and at Ankleahwar in the 
Broach District. 

At Jambnsar the local estimate of the harveat was 
14 annas. The seed sown was 6 2/13 lbs. and the crop 
was 590 lbs. seed cotton, allied at Bs. 51-0-3. It was 
grown on alight brown soil locally called maragorat, grow- 
ing bajri and cotton. It was not irrigated, but was 
manured before sowing in June, at 13 cnrtloade per 
aero. Oultivation was indifferent and the season a little 
below average, rain shghtly deficient and the crop slight- 
ly affected by cold in February, 

At Ankleshwar, on aimilar soil, where land was 
unmanured but had been left fallow for three years* 
there wae a crop of 863 lbs. of seed cotton, Talned at 
Bs. 26-5-4. The oaltivation was good and the eeason aa 
in the above experiment, but the out-tuzn was low. 

Though 500 lbs. of seed cotton is a fall averagft 
yield, in Broach, that of the Bombay Presidency is abonb 
184 lbs., showing how little is returned over large traota 
at the country by the nmaanuced impoveriahed soil. 
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The area under Qotton in India and the hamste 

are giireu below : — 

IvIKM-S. U,918,O0OMtMyi«ldlug 9,e9e^bftlM « US U)>. p*r Mm 
InlOOff-O. a.finfiOO „ „ 9,490,000 „ to,, ., 
InlM6-T. U,BU,(MO „ „ i.908.m „ Bl „ „ 
ThabolM weiii^ lUO lbs. anah. 

In Um UniUd SUte* ol AtaemLa Chars weca :— 
In 1S8B-9. 19,869,078 mtm andM oottva. 

In 1004-11. 81,780,871 mvh jrMdlng 18,000,000 Wh ot 409 11m. wdi n- 

213 llw. pet Hta, 

Xei a gra&t deal more will be supplied by America 
for, with carefal selection of stock, and a good snpply of' 

maiiiiirea, from 500 to 800 lbs. of lint have been obt^ued. 
In other words, India, with 70 per cent, of the American 
average under cotton yicilds only 26 per cent, of lint ; 
and, if mattera go on as at present in both coontries, the- 
Indian crop will be ins^nificant in a few years. 

It will nol be out of place here -to reprodiice from 
the "Times of India " three or four paragraphs, pnblished 
on 80th Jane, 1910, which require the careful attentioa 
(tf all Indian cotton growers ;. — 

" The Opportunity of Cotton. — ^For erary ' reason 
then it is olearly the daty of the Indian Government to 
exert ttecif to the utmost to advance agrionltuie. It 
happens, fortunately, just now, that a very faTonrable op- 
portunity offers for the adyanoement of Agriooltore which 
makes it incumbent iipoTi the Government of India to. 
lose no time and omit no exertion to turn thisfaTOorable: 
opportunity to the best account. India ia a large prodncer- 
ot ootton and has been from time eat of mind. Sines 
the latter half of the 18th century however, the Uaitedl 
Stateahas become a much greater prodacerof the materials 
Indeed, the inventions tii&i took place in the aecond. 
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lulf of the 18th oeutury, a^nd which resulted in in- 
creaeing beyond eiU expectatioQ the growth of raw cotton 
in the Southern States ot the Great BepnbliC) not only 
■enabled these States to ont-dietance India in the growing 
of cottoo, bnt practically gavfl rise to the cotton industry 
in England, and ultimately to the cotton indostiy all over 
Eorope. Ever since the latter part of the 18th century 
the Ur.ife^ Stfttee had kept the lead. But there are 
ftigUB now.that the cotton oooBumption in the United 
States is abont to exceed the possible prodnotion ot the 
United States, In a word the demand for cotton goods 
is growing in the United States with the growth of the 
popolation and wealth, and to meet that demand cotton 
manufacturing is extending throughout the Union and 
is being fostered by a prohibitive tariff. At the 
,same time the cotton manufacture is growing also in all 
the other forward csantnes of the world. The resalt is 
.that already the supply of the raw material, while ade- 
«[aate in years of good season becomes short in years of 
bad season, and at the present moment is so deficient 
that it has thrown the cotton manafactnre oat of gear 
everywhere. 

More about America. — To iUiistrate what we have 
been saying about the production of taw cotton, we 
may state that the statistics published ander the 

, authority of the Liverpool Cotton Association, September 
the l&th 1903, show that the total crop of the United 

.States in 1866-66 amounted to 3,814,476 bales. In 
1887,22yearB later, the crops amounted to as much 

■as 7,017,707 bales, The year was exceptionally pro- 
ductiTe, but making allowance toi that, the figures 

-«trikingly show what exertions were made to stimulata 
the prodaction of raw cotton during the two decades 
which followed the great Civil War, a period during 
which the Boath was ahnost entirely dependent upon 
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the article for the recover; of its proBperity, andt 
natucalty, therefore, was Btrainiag every nervt: to- 
repair by. its means the devastation bcooght upon it by 
the long md detpsrate struggle with the North. In 
1908-09, 21 years later, the production had risen to- 
13,925,000 bales. It will be seen that in the first 22 
yaara here recocded the increase in the cotton crops ot 
the United Btatee was 203'2 per cent., whereas the in> 
crease in the following 21 yoaus wj.n about 97 per cent. 
Here we have clear proof that ainan 1887-88 the rate 
(A inoreaBe in production of raw ootion has been steaSily 
slaekening. Perhaps, it will interest the reader if we 
.add that in 1866, the popalation of the Unitea States- 
waa 34,4(i9.000 ; in 1888, it was 59,974,000, and in 1909, 
it amonnted to about 88,000,000, the increase in the^ 
fitBt 22 years being G9,'2 per cent., and in the snbse- 
qnent 31 years 46"8 per cent. 

And someihing about Egypt. — Egypt has become an 
important grower of cotton in the interval. Moreover,, 
Egyptian cotton is of a very fine quality ; bo much so, 
indeed, that lianoaehire lues practically only Amerioan 
and Egyptian cotton. Efforts are being made tO' 
Btimulate the growth of the plant in the Roudan, a. 
country which appears to be admirably suited for its 
production. There are other countries which grow and 
■till others which are capable of growing cotton, but at. 
present these do not count for much. Except the 
United States and Egypt, the only great cotton grower 
ib India. Indian cotton, howe-ver, at the present time, 
fs not suitable for Lancashire. The eztenBion of cotton 
cultivation in Egypt has been very rapid and has added, 
immensely to the wealth of the country — ^haa,^ indeedt 
contributed in a powerfnl way to that improTement in 



sso 

the eonditioD of the people which h&a been witoRssed 
since the British occupation of the Valley of the Nile. 
Becently, however, there has been a great set back. Our 
readeiB are awue that the last ootion orop was a 
failnrs. 

A prohle.ru ofthp, Nile..—- Until ithsgaii tn he gathered 
is, it was thought to be one of the fiaest crops ever 
grown, and as there have been two ezoeptioDally high 
NileB in aooceBBion, the belief was held almost nniTer' 
Bally. But when the gathering in waa oompleted it 
was found that the orop had been hopeleBsIy damaged. 
There is no donbt, of oonrBe, that much damage was 
done by wonns, but there is a belief that the two high 
Niles, while so beneficial to Egypt in other respects, 
has not proved to be entirely beneficial to the cotton 
crop. There is, farther, a belief that the growers of 
cotton have exhausted the fertility of the soil, not 
applying manures as was desirable, The Egyptian 
Government at present is taking every means within 
its- power to set matters right; we hope with success. 
Bat, however that may be, the existing state of things 
shows that just now a favourable opportunity offers, 
which if turned to good acuoant, may enakle India to 
get a better position in the cotton trade than she holds 
at preeent." 

But progress is not to be made just now by experi- 
ments with exotics, or an interference with the raiyat'B 
mode of tillage and rotation till he is able to supply Vhe 
Deoeisary manures. Above all, for a time at least, all 
attempts to coltivate in one district a variety that pays 
better in another district, must be avoided, and trials 
vrith exotics must be restricted to experimental plots 
for many years. 
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After rice, tlie largest area cropped in ludift is 
wheat, ftnd under this cereal therd ore more than 3S 

miilioQ acres. 

If the addition of uae bushel (60 Ibe.) to the cereal 
harvsBtB of India would pay all the tasea, it is a great 
pity and an incalculable loss to the voantry that the 
peaaantB have not yet learnt to imitate other lands in 
the means employed to increase the oat-torn of their 
wheat fields. 

In the *' Agrioultnral Gazette," New Sonth Wales, 
Australia, for September 1903, there is an iotereating 
tabulated statement showing the average yield of the 
harvests in the chief ooantries of the world. 

The average for the years 1892 — 1901 is ' as 



follows : — 

Bushels. 

Qreat Britain ... 32 91 

Holland ... 28-86 

Denmark ... 28-18 

Belgium ... 37-94 

Kew Zealand .. 27-44 

Germany ... 96*ft7 

Sweden ... a4-00 

France ... 18-51 

Canada (Ontario and Manitoba) ... 18'24 

Japan ... 17'S4 

Austria ' ... 15-68 

Servia ... W59 

Bulgaria ... 14*00 

United Btatef d America ... 13 29 

Italy ... 13-90 

Ml 
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. 979 


North Cancasu 


9-76 


European lliugia eiwluBive of Poland . 


. 7-95 


AnBtralia 


700 


Although AuBtralia aa a whole lahows 
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avenge, thftt of the Oounty oS Willonghby h lh'3 
bQBhels per nora. 

It is woith noting that Belgium in 1902 led the 
way with 84 bashels, followed by Great Britain with 
31*32 aod Oertnany ft near approach with 30-33, whilst 
Oanada followed with 2S'60, and Austria and France and 
Bonmania sliowed 'iO liashels each. 

As usual those countries have the biggest and best 
crops that i-esort lu^st to inanui ing, and, where concen- 
trated fertilizers ace broaght on the farm to be added 
to thti oi'dinary dang, the result is aharreat far inexoess 
<rf the average. 

German agricaltuviBte are not eatisSed with mereljr 
Learning what in theory is best for their fields; they 
experiment to ascertain what will give the best crop, and 
then apply the lesTiU of their experiments to their farms. 

In Krichanr'e " Manuring with Potagfi " we find 
the proportionate qaantities of plant-foods ^taken from an 
acM of land by an ordinary crop of wheat, as follpws : — 



Wheat. Straw. Total. 

Nitrogen ... 69-9 . 25'1 95-0 

FllOBphoric Acid *... 26-5 11-9 38-4 

Potash ... 17-4 S2-fi 499 



A bomper Qcop wqQld Uke moee. 

As the manares and fertilizers applied ma,y not 
pl&ce ail theic nntrieiit prnparties at the diispoaition of 
the first crop, it is advisable to use greater qoaatitiei 
than the aD^yaee appear to jostify, and, jtb thevsie of 
phofiphoric acid, to supply pvopnrtionately larger qu&nti- 
iies, ai experience teaches ue that it results in big^ei: 
harvests. ^ , 

U we look aroand the world for the la^st har- 
vests in wheat, we find that the Dachy of Anhalt can 
boast bushels per acre. Kow it most be borne in 
mind that there are large potash mines in tlus province, 
and, potash being cheap on the spot, is much reaortecl 
to as a fertilizer. 

Professors Wagner and Maercl^r, as well, as otlier 
authorities, have stated that, with potasaic maaaces, the 
average yield of grain is 1,470 lbs. more (if 200 lbs. potash 
be used) than from land not so manured. Whether the 
soil be good, bad, ur indiEfereat, the use at this fertilizer 
always increases the harvest retams. Belgian schIs, 
which average the bast wheat returns, are rich in potash, 
but, whilst a good crop removes 64 IbH. of potash from 
the acre, the dung used as- a manure retanis only 
44 lbs., so that, in coarse of time, the ocnl must beoame 
considerably pooriM- nnlesii potash is used in fairly large 
quantities a» a fertilizer. 

Borne of the reports we have from that country will 
not easily be credited by the Indian peasant. M. Jaquei 
of Hilleconrt made the following experiments : — 

Harvest per acre. 

1. Without inanUL'e '2^'^ buiUiels. 

2. Nitrate of soda tlO Ibs.l 

Basic Slag. 480 lbs. . J ^''^^ """ ; . . 
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S. Nitrate <^"Soda 60 Ibe. HarrtoBt ptir' abn, 

Buic Slag 480 lbs. 
.. . Mariate of potash f «-8fi boshaLi, 
160 lbs. 

What a geld -mitu the Ptinjab would become if nnj'- 
thin^ like these results conId he obtained. Yet there ia 
no eairthl; leaaoD why similar crops should not be grown 
by means oi well-balanced fertili^xs. 

01 oooTBe the same formala -m%ht not be saitnble. 
Frofaabfy a great deal more nitrogen might be required, 
and nitcogeu is the principal constituent of the plant- 
food of cereals. Bui in the Panjah itself there lies at 
the door of the faTtnen the nitrogen and potash, in 
saltpetre, that would supply two of the three piant-food 
ingindienta, and bone or basic slag would complete the 
fertitiiset. Since cereals are apparently thankful for 
niagnetfiim and calcium salts, and even for a little 
common salt, kainit, which contains all these as well as 
potash, can be recommended as the means of conveying 
the potash to the plants. As some people may be irfrsid 
of the soil caking by its use, it may be mentioned 
that Dr. Sohneidewiad recomiaends kainit as the best 
potassio manure for cereals, and, so long as not more 
than 3 owt. is applied per acre, no damage need be feared 
to the texture of the land. Muriate of potash, which 
oonlaioB fouc times ae much potash and about one-third 
the amount of common salt, will also be found an excel- 
lent potaasic fertilizer. 

Frcifeasor H. Boiret reoommen& the use of 
phosphoric acid to give the straw of cereals more rigidity 
to^ause earlier ripening, and to produce heavier grain. 

Australian farmerB depend to a very great extent on 
phosphatio manurea alone ; but this most xesolt in a 
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conatant loss of nitrogen and potash, so that after some 
years the hatveat will dwindle till it is not worth the 
]ahoat of growing wheat. But the inflaeoce of phos- 
phoric acid on heavy bearing has no doabt been 
abondautlj proved, and, provided the law of minima is 
home in mind, we may agree with Mr. John Woolley of 
Skimbtentt Farm, Montgomeryshire, who prodaoed the 
big wheat crop of 77 bushels, when he says "a good 
phosphatio . heart . is the foundation of all profitable 
agriculture," 

In a small pamphlet like this it would be ttM> costly 
to insert illustrations taken from photographs in the fields 
but aa a. samplR of what may be done by Indian farmers 
at no great cost to test the yalue of concentrated fertili- 
zers, the following report is placed before them of small 
experiments in iBast Praesia : — 
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3^ 

£ 


If 

|S 


1. 
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81 


Ba. 


Ba. 


9. 
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W 


S. 
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ISO Ibl. MikMa ei 
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PotMhSatt 


9,400 


4,350 


ua-u 


81-U 


SO 



Here we see not only the beneflia to be derived from 

the use of fertilizers, hut the fact stands oat clearly that a 
complete manure, even if somewhat more eoBtly in the ini- 
tio expenditure involved, repays the farmer wonderinlljr. 



• As, however, tfie niyat may not care to ride enh. 

the expen3itnre on one Eicra, we wOuId snggeet tnala on 
& very small scale at first, such as ve find in Pcofessoi 
P. Wagner*B inteiesting Fourth Leaflet on Mannrial 
Qnestions. The experiment with wheat was made on 
Bandy loam, iich in nitrogen, at a place called Ecnsthofen. 
NotwiUuianding the faot that the pi-incipal plant-food 
ingredient was 1^ no means wanting in the soil, a 
nitrogenoiiii manure is nsed in the trial, for it ought to 
be the aim of every farmet; to keep hie land, like his 
animala. in good condition, while t,'etting from it the 
greatest possible profit. 

The experimental plots were one-fiftieth of ac acre 
each, and the price of the fertilizers well within the 
means of the Indian raiyat. 

Withoat manare the harvest was— 

Grain 31 lbs. Straw 73 lbs. 

A complete manure produced „ 48 „ „ 127 „ 

Or a gain per acre of „ 850 „ „ 3,700 „ 

The fertiliser was made up of four lbs. 38% potash 
salts, 3 lbs. donble superphosphate, and 4 lbs. nitrate of 
soda. 

If experiments ai-e first tried on a small soale like 
this, it wilt be an encouragement to increase the size of 
the experimental plots and finally to try larger experi- 
ments in the field. 

There is an old saying, common in England, pretty 
well appreciated throughout Eiii'ope, bnt not yet well un- 
derstood in India, viz. : " you will get nothing for nothing, 

andd d little for a half- penny." The sooner this is 

understood by the native wheat grower the better for him. 

When the rolue of incomplete -fertilizers is known, 
much benefit may be derived from their vote ; the return 
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from aD immanuFtjd plot, for instance, being 1,S20 ib» ; 
whilst a similar adjoining plot treated with 800 lbs. of 
buic Blag produced 2,^60 lbs. on the farm. of M. Billiard 
a( Montiera, nod an aore, giving a crop of 496 Ibi. at 
Badonvidiers, ri^turned to Mema. Mussier and Massal 
1,47'2 Jba. by the use of 800 Iba. of the same fertiliser. For 
a long time to oome, however, complete manares will be 
necessary in India, and, where ojittle manure cannot be 
had in eutticient (quantities, concentrated fartilizere, saoh 
as saltpetre and basic slag or bone and the various oilcakes 
available in the ooaatrjr together with ashee will prodaoe 
as good crops as these, if not better. It is a question of 
judicioiiB manaving, and ail the more necessary in India, 
where the si>ils are not often rich in nitrogen- 

To show again the difference between incomplete 
and complete mannrea the following table of the average 
crops of experiments in triplicate, conducted by Mr. J. 
Keller of IDmBthofeu wiil be uBefal ; — 





Grain, 


Straw. 


ProSt above 
the ODHiHUursd 


1. 




3D-a 




< 


3. 


Hunied wlthoat potaidi 


48-a 
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t o-iy-3 


S. 


HMimd wltluMit pboapborio 










»oid . , 


48-1 


IGi 


£ i-lS-0 


i. 


Mftnuruil w.Lhoul u trogoll 


43 i 


19 a 


f i-ie.9 


C. 


Oamplete manure 


BO-SU 


M-3 


£ 3- 7-0 



But it is not only the amount of gruin that is to 
be oonsidered in the harvest. The quality of the straw, 
whether for feeding or for other purposes ahonld also be 
bprne in mind. Sir Henry Gilbert investigated the 
statement, frequently made, that the stningtb of wheat, 
barley and wheat .straw is dependent on a high per- 
oentage of silica in their composition. He foond, on 



H68 ' • 



tba contrafy, that % high propozUon of ulica- in the 
straw meimt & low propoi-tinn of organic anbatanoe, aod 
hence brittleaesB and not strength of straw wae the 
imqU. The stiangth of straw depends npon the faToar- 
able development of the woody aubatance o£ the celluloae, 
and as this has theoharaotei-iatios of the oarbohydrates, it 
is always benefioial to use potash, which has been found to 
be exceedingly nsefal in theii formation, EzpezimentB 
at Bothamated confirmed this. Oo two plots growing 
barley, Phosphate and Ammonia salts were applied on the 
one, and on the other Potash was added to the above salts. 
Thestrawonthe non-potash plot grewworaeas the experi- 
ment continued, so that in unfayoumble seasons it was 
brittle enough to be crushed into fragments in (he hand, 
while on the potash-manured plot the straw remained stout 
and healthy. The chemical analysis further confirmed 
this, for 13'2 lbs. per acre of potash was found in the 
straw of the first plot, and H9'5 lbs. in that on the second ; 
so that, besides the increase in the grain, there is a 
great improrement in the straw when a complete 
manure, containing a sufficiency of potash, is used. 
Even where farm-yard manure is employed in fairly 
large quantities, such as 12 tons, on soils that in Eorope 
are said to be in &ir condition, other concentrated 
fertilizetB can be nsefully added ; but, in India, where it 
is seldom possible to use 5 tons per rtc.re on wheat soils, 
by no means rich in plant-foods, a judicioaa expenditure 
on artificial fertilizers will amply repay the tanner. 

In the advertiBements of agents for fertilizers we 
dtsa find sooh examples given : — 

" Besnlt obtained in 1903, on Heavy Loam in poor 
oonditi<m, by Mr. John Woodyatt, the Hill Bock, 
Bewdley. WoxDeatenfaize. 



m 

Tielcl'pee aora. 

Manma applied per aoee 

5 cwt. Kainit ) 11 owto. 82 lbs. aoea.. . 
1 owt. Nitrate of soda * 26 „ 82 lbs. straw. 
The above plus ) 20 „ 104 lbs. oom. 

6 owt. Bano Slog i 5Q „ 104 Iba. straw. 

Of coarse the increase and consequent profit is pat 
down to Basic Slag. Any other phosphatic manare - 

deoomposiog as quickly would have given squally good 
reeoltB, not on account of the phosphatic manure merely, 
but becaose it aoppHed the necessary amount of that 

special auhstiince required to make the manure complete, 
so that the plant could have all the ingredients placed 
at its disposal to form its requisite nourishment. 

As usual we have laid stress on the iucreaae of the 
quantity of the harvest, leaving the question of quality 
alone for the present, first becanae the mannres and 
fertilizers if well balonoed and complete are sure to effect 
a certain improvement in quality also, and secondly be- 
cause the increase in quantity must first be demonstrated 
before the raiyat will attend to farther impiovementi. 
We cannot expect altruism from the Indian peasant any 
more than we can look for It f i-om the Europea^n farmer. 
Show the raiyat a reasonable puutit and he wiLUoUow advice 
aooB enough. He cannot be expected to spend money 
and take risks in experimontK for the benefit of others. 
Year in, year oat, we have preached this simple text, and 
we are pleased to find in the Annu^J, Report of the De- 
partment of Agricaltnre for the year 1908-1909, that the 
Government at last sees the necessity to work on these 
lines. As usual, of course, the idea ai increasing the 
•yiald is restricted to selection. What seleotion will do 



^0 ' 



withont the most careful attention to manuniig is aot 
diffiault to foresee. But, having failed in attempta to im- 
prove other oropa by the intioductioii oi pardeghi and 
exotic rariatieB, it ii a pazzle to as why the same eternal 
plan must be continued in this case to add to the record of 
lailDces in the Department. When wiU the Gkiverament 
flxBt try to inorease the retornB by the chief means adopted 
in Europe before going the roond of all the old failmres ? 
There may bs too much concentiM,tecl soienoe even in a 
■dentific Department undet; tbe BL-itiBh Government in 
India, and we are not surprised to learn that farmers would 
be more pleased to hear of bumpar crops on Demonstra- 
tion T'avms, by the use of fectilizers within the means of 
well-to-do caiyats, than to learn of repeated liopeless 
failures in the parsoit of some wonderfully scientific aim. 

Notwithstanding the numberless trials in all p^cts 
of the world showing the neE>e88ity for complete well- 
balanced fertilizers, we have the old experimentB begun 
in India as if no one in the world ha(\ even tried them 
before, viz., green manuring, fntlow, incomplete fertilizers, 
and finally one complete if ill-balanc3il fertilizer, based 
evidently on some guess, which shows at li^ast Che bene- 
fits to be derived from a manure containing ail the 
principal plant-foods. Whether this will be of any use in 
the sncceediug trials, Heaven only knows. Most likely 
the same old list will bi.' conLinnetl and the same number 
of pages tilled in when the Annual Kepoi't is sent on. 
till, in oonrsG of years, we have volnmes enough to make 
up an lincylopndia of useless knowledge. 

However, it is Bomthing to have even these tria.l8 
made, away at Mirpurkhas AgricuH-iral Station . for, 
thongh scarce a page of the returns is worth much, it 
shows only too olearty the benefits to he derived from a 
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combinatioti of Nitrogen, Pfaonpborio Aeid and PotMh in 
&a ptuiMooda for wheat. 

The following is extracted Itroia the ■ last Be port 
(1908-1009) :— 



Tab&tugkt. 




1. Sunn ploughed in ... G40 

2. Mang and Mutki ... 860 

3. Fallow ... 480 

4. Nitrate of Soda lowt.top-dreaeed 

Bone-dust a cwt. erery third 
year . . . 547 

5. Sotphate ot Amiiioma^l cwt. 

Nitrate of Soda Bone-dust 3i 

cwt, every third year ...i 878 

6. Sulphate of Ammonia =1 cwt. ofi 

Nitrate of Soda. Sulphate of; 
Potash ^ cwt, Bone-duBt every! 
third year 3 owt. llHi 



No. of 
water- 
ings. 



2 
2 
1 



Let us now see the difference appearing in India, 
between . manured and unmanured wheat fields, and 
compare the profit obtained by the Indian fanner with 
what can be shown hy farmers in Europe. 

In the " Crop 14xperinients," Bombay Presidency, 
1898-89, we have a carefully compiled report by Mr. H. 
Woodward, Assifitant Collector, Ahiiiednagar. The 
field was in Nervasa (Eharvandi) And is described as 
nnirrigated best black soil, manused in April by folding 
sheep and goats three days. Rotation— 1. wheat, 2. 
jowari (late) and 3. bajri. Cultivation fair, and season 
faToarable. 1,000 lbs. is oonBidf>red a fall crc^. A little 
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Kvdai wuBoira.with the aoft red Boda wheat and th« 
raraltiiig hftrrest was 856 Ibe. wheat and 18 lbs. Eacdu. 

Caloulatuig expenditure as if inoucied in lh« pay< 
ment of Ubonxen, (the family did all the.wotk), the ooat 
of raifling the crop on 10 acree d9 ganthaa was, in round 
nnmbecs Be. 150, thas:— 

Ba. A. ?. 

88 12 0 



1. Man and three pun of bullocka foe 30 



2. Folding sheep and goata for three days, 

thuir gt-aiting and food for attendants... 18 0 

3. HarrowiDg. 2pai«of bnllooksandlman, 

10 days. 1 pair and 1 man, 5 days ... 10 10 0 

4. Sowing, 2 coulter drill, 3 Jiien and 2 

pairs of bullocks for 4 days ... 4 12 0 

5. Watching.lnian,for2monthsatlis.4... 8 0 0 

6. Beaping and binding, e men for 15 days- 16 14 0 

7. Carrying to grainyard. 2 pains of bul- 

locks, 3 men for i days ... 4 12 0 

8. Threshing. 4 men and 4 pairs of bul- 

iocks, 8 days ... 16 0 0 

9. ^ffinnowing. 2 men aad 2 woman for 

4 days .„ 2 8 0 

10. Carriage to maritet ... - 8 0 0 

11. Cost of seed. 3 maunds of wheat at Bs. 4 

and 4 sem Eardai at 1^ annas ... 8 6 0 

12. Wear and tear of implements and bul- 

locks. 8 pairs of bullocks at Bft. 40 per 
pair lasting 7 years Bs. 17, imple- 
nentB repaired and replaced Bs. 2 ... 19 0 0 
IS. Tillage baks (does) ... 9 0 0 

14. AsMssment and Local eess ... 11 IS 8 



Total ... 149 14 5 



Th6 yiald pe^ acre = Bs. 37 8 7 
The cent ., „=,. 13 10 6 

and the net profit Ka. 13 9 1 

In this' oue the manuring cost Bs. 1-8-0 and yet the 
harvest was a faiily Batisfaotory one, iot it 'bronght a 
profit that,' in India, is considered good. 

With this let us compare the figarea at reoeipis 
and e^^penditttre of a wheat har'vest from on acre in 
England . 

Coat of pioducing a Wheat Crop. 
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Drilling with 2 horse drill 7 ft. 
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1 stroke of harrow after drill ... 
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Spring rolling with 8 horses ... 
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Harrowing 
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Harvesting 
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Cost of prodnciBg a Wheat Orop. 









U . 


LftboQr charges 


1 


18 


1 


-Seed 8 bashels @ 5s. ttjoud 








gnaiity^ 


n 




0 


Dressing or Pickling 


0 


0 


6 


Rent. Bales, Taxes 


1 


5 


0 


Incidental expenses 


0 


3 


a 


Total cost pet axjce 


4 


1 


0 


Average Crop 4 quai'tei's @ H'2s.= 


(i 


R 


0 


Straw 


1 


10 


0 




7 


18 


0 


Deduct . . . 


4 


1 


0 


Book profit per acre 


■4 


17 


0 = 



Summary o£ expenses and profit on the following 4 
years' rotatioD 

EspenseH. Value of orop. Profit. 
£ a. £ 8. d. £ s. d. 

Wheat ... 4 1 0 7 18 0 3 17 0 
Boota ... 3 0 0 6 0 0 TOO 
Barley ... S 8 7 10 0 4 4 1 
Glover ... 2 7 1 4 0 0 1 IS 11 



14 1:3 9 25 8 0 10 14 3=R8.160 110 

It would be difficult to supply anything hke 16 loads 
of dunjg to the aore of wheat in India, hat Dr. J. W. 
Leather in the Agrioaltaral Ledger "Indian Mamuea," 
1897, says: — "The general conclusion which we may 
draw from these experiments, (the increase in the har- 
T88t8 doe to cattle manure) is that, with an appHoation 
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of 6 tons per acre of cattle muiare, then will be 
obtained an increase of Boine 300 to 400 lbs. of wheat per 
acre in the N. W. Provincee, or Bengal, and at Nagpar 
from aoo to 800 lbs." 

In the same Ijactger he attempts to ihOT that, pro- 
perly corteerved, there would ba enough manare to sup- 
ply the dcj crops with fi tone per acre ; bat, anfortiioateiy, 
this most important maaure, the m&in&tay of the 
agrionltnrist, :b mach neglected in India. To,prove how 
it will pay the raiyat to manure with the means at hii 
<lispoaa.t, Viz., the excreta from cattle and meu, we have 
n series of experiments carried on for 11 years, which 
can be summed np as follows, the average being given of 
the standard and duplicate plots : — 





1884-88. 


1888-92. 


1892-95. 


No manure, grain... 


9«3 lbs. 


1181 Ibe. 


1086 lbs. 


Cuwdung 180 maunds 


13t;3 „ 


1579 „ 


1579 „ 


Poudrette, „ ... 


1424 „ 


IGIO „ 


1775 „ 



In the Agricultural Ledger No. 10 of 1893, we have 
a note from the 'pen nf Mr. T. Basu, Assietant to the 
Department of Land J^ecords and AgnouUnre, on " The 
Dumraon Farms :— " What they teaoh." From this we 
extract a few words which may be aseful not oaly to the 
raiyat bat also to those who say artificial fei-tilizers are 
unknown to the Indian farmers, and are not likely to 
prove beneficial in this conntry. The Behar nuyat." 
says Mr. Basti," knows the valine of nitroas earth for 
the poppy crop ; in other parts of India it is used also 
for tobacco, wheat, chillies, and other valuable crops. 
What is wanted is only an extension of the existing 
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Here we see clearly that the uee of a, deohi iertilizer 
within the mesnB of the ordinarjr raiyat ropays itself 
handsomely ; but we also sea the dangers ariBing ftom 
the oontinaed use of inoomplete Duumres. 

Saltpetre, when pare, oontaina large amonnts of 
nitrogen and potash, but iio phosphoric acid. Now 
every harvest takes a faic (jaantity of this plaot-food off 
the field, till the store available for the plants is nearly 
exhausted. Then the crops must anSei. We have 
learnt from the law of minima, that, though a soil may 
be ever rich ia one plaat-fqod euck as nitrogen, or in 
another such as potash, or in both, the crop will not be 
good anlesa we have a sufficiency of phosphoric acid. 
In the expedments tabulated above, we find the plants 
supplied with a yearly allowance of nitrogen and potash, 
with the result that soil must give np its stores of 
phosphoric acid to produce the crops, and, as the results 
show, in conrae of time the harvest must fall, till, after 
some years, owing to the want of phosphoiio acid, the 
whole must end in complete failure. 

It is painful to find the Department looking for 
extraordinary reasons in the decrease of the harvest, 
when the cause was patent. Here is what we find in 
the Beport : — " On considering the results, it will appear 
that tha increase in the outturn, resulting from the 
applicatioti of saltpetre, became gradually Iflss every 
year, bo that in the last yeai: of the experiment a net 
profit of Us. S-14-0 only, on account of this manure, was 
left, against Ra, 38-1-0 in the first year. This fact 
would teach us not to expect thai, because saltpetre is a 
good manure for wheat, it ought to bring a large out- 
turn when applied year after year to the same land. Salt- 
petre acts best tor the first two or three yeaxs, and on 
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soil which has been axhaosted by coDtiauons cropping 
'without manure for many years. When land can be 
manured with aabes, it will be found profitable to use 
nitre in addition to them." 

Ib it not strange that the 6r8t prinoiples of agricultare 
ftte ignored in attempts at explaining the gradual daoreaae 
in the hnnrestB. One would think the law of minima 

had nflver been heard of by the Department. As if to 
stirengthen the extraordinary deductions drawn from the 
•zperimentB, Dr. J. W. Leather, Agrioultnral Ohemiat to 
the Gkirenunent of India, is cited aa informing the Editor 

of the Dictionary of Economic Products that " At CSawn- 
pore saltpetre both by itself and in canjanction with aahea 
of cowdoQg, hae proved a very valuable manure for wheat 

and maize, iloceover, this confirms the results obtained 
in Engla>nd, viz., that a nitrogenous manure is the most 
valuable for the careal crop." 

It may be tbe most valuable, as it is the most costly, 
and generally the most needed, e&paciii.lly in Indian 
soils ; but it must be remembered that, without a suffi- 
cient of phosphorio acid and potash in the soil, no 
bumper crop will be obtained, notwithstanding the 
application of tons of the costliest nitrogenous fertilizers. 
Abadntely necessary as the component part of a com- 
plete plant-food, more phosphoric acid is needed in the 
(cuit, in this case the wheat grain, and it is in this har- 
vest we find a regular fall year after year aa the store in 
the Boi'I is consnmed and nothing is added to the field to 
replace it. The straw haiTest is more irregolar ; for its 
chief supplies consist of nitrogen, potash and silica and 
very httle phosphoric acid is ret^aiaite to make the 
food for straw complete. 
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Where some farmyard manure can be need it ii 
always adriaable to employ it, not merely as a fertilizer, 
bntalaofbc the beneficial. effect it has upon the phyeioat 
oontomiation of the soi). If, to abont 6 tons of ihia> 

^ owt. of bonemeal or basic slag, and 1 cwt. of kainit could 
be added, the resulting hai'vdst woald be excellent. The 
further addition of 1 or 2 uwt. of nitrate of potash (salt- 
petre) would probably produce a bumper erop. In Aus- 
tralia where they know their soils are rich in nitrogen and 
potash, as in Flowerdale, 4 owt. of bone-dust used for 
potatoes, senri! to produoe iO buEhels in the Buooeeding 
wheat orop,' and at Longfordr the use of 1^ cwt. bone- 
dust got fro Hidney, returned 23 bushels of wheat ; but, 
where the use of artificial fertilizers lb new, we cannot 
recommend such as contain one, or at most two of the 
principal plant-foods, but should be inclined to insist 
on manures contaimag nitrogen, phosphoric acid, and 
potash. 

In 1894-95 a complete manure was used and the 
difference is striking. The harvests were : — 

Plot. Mannre. Per plot. Per acre. 

Grain. Straw. Grain. Straw. 

1. 800 aq. None lbs. 392 tS87 2371 4166 
.yards. 

. Bonemeal. 

2. .. ) 480 lbs. 



) Saltpetre " 
{ 240 lbs. 



5Sd 903 3224 £463 



The N^pur Parm reports both the value of oom- 
pleta manures and the difficulty of obtaining results that 
might othexwise he expected when the area is not irri- 
gated and fertilisers like bonenieal cannot decompose ii; 
time to place at the disposal of the plants the plant-food 
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or foods they may contain. Taking the unirrigated por- 
tion first, we find that, though theio ia a profit from 
teeompletfl murarea, it dimiiiiaheB m yeatB go by, and 
that, even where complete Tnaauroa are uaed, the ddcrease 
is fairly omstaQt ; for a very email portion of a fertilizflr 
^ancli as Ixmemeal will decompose when the amoant d 
■water the aoil receives is alight, but that even though 
the boa«meal apjpeated a waste at first, ifia effoots are seen 
even on qniriigated land. 

UnirrigateJ, 
Average 1885—89. 1890—94. 
Grain. Straw. Gnun. Straw 

1. Unmanotad lbs. 799 1287 418 796 

3. Bone-duBt 360 

lbs. per acre „ 891 1388 534 882 

3. Saltpetre 240 lbs. „ U33 1711 751 1468 

4. Saltpetre 240 ■, 

Bonemeal 360 ■ 
lbs. per aore ' 

The differenoB between th e manured and niunaniired 

portions on irrigateil land is pronounced, and shows only 
too clearly the advantage to be obtained tiom a oomplBte 
fertiliser: — 

Average for the yeus 1890—94:— 

Unircigated. Irrigated. 
Grain. Straw. Grain. Straw. 

1. Utunanmvd Iba. 418 796 486 S20 

2. Bone-dost 360 

lbs. per acre „ 5S4 882 626 054 

3. Si^tre 240 lbs. „ T51 1466 931 1780 
4; Saltpetre 240 lbs. I ^^gg ^^^^ 

Bonemeal deO lbs. / 
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A. proper rotation may often sapply the nitrogen 
mnting in the soil ; but care must be taken that other 
manures ture aMed, or the ha>rvest ma; show sBtoBishing 
chants and end in lowes. 

We have an interestiug aeriea of exp^nmente carried 
on from 1664 to 1895, on two plots, both nnniannred, bat 

on the. one th.i: wlinit invariably followed indlgO, Which 
hod been removfid bafore-the wheat was sown. The 
resalts are : — 

18B4 1885 J,886 1887 1888 1889 
Unmanored ... 1514 mS 1367 847 786 658 
'FoUowing indigo... 1690 1107 1791 1288 1379 830 



Umnannred 
Following indigo ... - 



1H90 1891 1892 1894 1895 

1464 11653 690 877 287 
1988 1136 1258 696 287 



In both oases we have a 6nal decrease in the harreets 

til! they approach disappearing point ; but the plot on 
which wheac foUowed indigo gave better resalts for 
several years. 

A similar series appears in the Agricaltnral Ledger of 
1895, No. 11. Here we have saltpetre osed as a fertilizer 

and it contains nitrogen nnd potaah, but no phosphoric 
acid. As seen before, the results ace very aneveu, and 
though at first they appear excellent, in course of time 
the law of miDima in enforced by nature. On the Hag- 
pnr Parm the expei-iment was carried on from 1886 to 
1893, with the following reaulta : — 

1883 1886 1887 1688 1889 
1. Nomonnis lbs. 1055 768 1060 760 585 
a. Sahpetre 240 1855 990 1610 1470 610 
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1890 1891 1802 .1898 



1.. "So murare 
S. EUtpetn240 



lbs. 



887 516 540 230 
987 1227 612 420 



WeoumotbatnotioethegradnaldecieaMm the re- 
-tnnisyearliyyeftruthelandbeoomesimpoTeriBhed. The 
gxMt inorease on the mannred plots ccmtiuneB while a 
vnAoieiioy of available miseral matter is in the ami ; bat 
the decomposition ot the land placing thew at the 
. dispositba of the plant bemg irregular, owing to climatic 
differences in different years, the rsBults on this plot 
are very uneven, and the decreasing store sends the 
harvests downwards, till, in coiuse of time, the want of 
phosphoric acid is so decided that the land cannot return 
paying crops. 

From the reports of the Nagpur Earm we see that 
the average wheat harvest from 18&3 to 1887 was : — 

Unmanared ... 1039 lbs. grain. 

Complete manure ... 1514 „ „ 

Increase over unmanuted ... 475 n tt 

Cattte duing is a complete manure, and we have seen 
bow its regular use results in an undiminished increaae 
over the nnmanured plots. It seems so nnneoessocy to 
repeat this. The raiyat knows it, but has not Aiongh 
manure or the money wherewith to purchane it, But, in 
tliese days, when co-operative societies are spreading 
over the land, and the money they lend ought to be 
apent on that most important thing in farming, the 
'mannnng of the soil, it may not be out of place to show 
thelft^e results obtainable by the use of afew tons of a 
manurs that is new very oostly whea it can be.got. 
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. On the Cawnpoie Farm the following were tha 
results of mannriog with 132 cwt. o£ cattle dung M 
comp»red with immanared plots : — 

1884 1885 1886 1^7 1898 

1, No manure lbs. lOiil 635 913 1041 968 
S. OatUedmig ,. 1428 900 1587 1268.1240 

1880 1800 1801 1802 1808 

1. Nomannxe lbs. 688 1807 12'!3 002 1«00 

2. Cattle dung „ 960 1S85 1587 1881 2474 

No donbt the effect of good tillage is seen in the fur 
returns obtainable so long on the nnmanored pbt, bat 
even good tillage would not be sufficient in ooorae of 
time. The effects of the 132 cwt. of cattle dung per 
acre are so evident and the resnlts so progi-essive that no 
comment is required. 



Similar ceaolts are apparent on the Damraon F&nn, 
only IB this, the fall in the returns in the onmanored plot 
is very apparent. 

1886 1887 1868 1880 180t> 1891 
No manure lbs. 1154 616 672 884 010 606 
OowduQg „ 1514 610 908 1154 1386 866 

On the Oawnpore farm we have a most interesting 
experiment with green manureR ploughed in. Sunn 
gathers its nitrogen from the air, and. in decomposing, 
re tarns to the soil the mineral matter taken from it. 
There is a verjr peculiar oocaeicncU fall in the retacna 
every now and again, an explanation of which would bo 
worth learning. The UQinanured plots, as usual, show the 
deterioration that goes on eapidly when crops are remored 
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from the soil aimi»Uy and no manata is added. The 
xwtdte are: — 

1882 1883 1884 1885 1886 18S7 
No manure lbs, 777 1198 1182 659 709 751 
Oreen Sana 

pkragbed in.— Iba. 1978 1737 1783 1404 660 1600 

1886 1889 1890 1891 1892 

No manure lbs. 587 447 484 685 345 

Green Snsn ploughed in lbs. 1285 814 1123 1118 1125 

Th« soil must have been originally fairly rich in 
phosphoric acid and potash, though poor in nitrogen. 
The Sunn did not increase the minera.L matter, bat, as the 
«rop was ploughed in, it was not lost. The nitrogen waa 
increased with every crop of Sunn. Had phosphoric acid 
and potash been added when the 8unn was ploughed in, 
bumper crops would have been obtained annually. 

Of coarse, the expenditure on farms in Knrope is 
much heavier per acre on account of the cost of manure, 
the price of labour, etc. The retonu, however, are so 
much greater that the net profit in Europe is very much 
higher than we find it in India. And thia is absolntely 
naoesBory to keep the farmer in the comfort he enjoys, 
which to the Indian peasant, wonld be the lordly way of 
life of the Saheb. 

Bnt, if manure is not used, i. e., if Utile expenditure 
is incurred in raising the crop, a small harvest will result. 
Ocaaaionally in India the land is allowed to lie fallow for 
years, and a crop of 1,130 lbs. of grain with 1,438 Ibe. of 
itraw can be obtained from htack soil. In the crop Ezperi- 
mwtBfoc 1890-91 we find such to ba the cage, bat on 
nmilar loil in the tame aeatout the lack of manure on 
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zegnlarly cropped fields ruults in an onttnin ot 680 lbs. 
grain and 645 Ifaa. aimw. 

Besidea the email crops obtained when manure is 
not ased, there is a further danger of the harveat being 

considerably leseened by an attack of Bust. 

It wi!! be noticiid that )mraFiit(!a attack sickly planta 
most, ae white auts eat into decaying or dead wood. In 
order to prevent sooh attacks (and prevention is better 
than cure) plants should be kept in good lifart by an aj>- 
plication of snfficient manure. Thtiy will then not be so 
easily attacked and be able to resist diBease to a very 
great extent. It has been nutioed that early sown wheat 
seema to escape the attack of Rust. Seasons for sowing 
must however be maintained if good harvests are to resolt ; 
but, if we cannot bow earliEfr, we are able to bring the 
crops to maturity quicker. This can be done by the use 
of 'easily soluble phosphafcio manures, such ae super- 
phoBphatea and basic slag, which give strength to the 
plants, increase the grain harvest, and ripen it earlier. 
An addition of these to the ordinary farmyard mannre 
will be loond of great benefit. 

When we compare the average onttorn in India 
vrith that of G-reat Britain, we can understand the differ- 
ence in the wealth of the people. Why abooid not the 
627 Ibe. average per acre ot wheat obtained in India be 
made the 1,974 lbs, average of FiHglana, and why 
should 3,000 lb. cTope on garden lands be infrequent ? 
We have so many Co-operative Bocietiea starting all over 
India. It is to be hoped their first; andeavour will be to 
orge their members to purchase manures, eo that their 
harvests may increase, and the foundation be laid of the 
(ntnre prosperity of the ooontry. 
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At Rothamsteu- wheat hftB been growing on the 
aune land for 70 jwn. 

The renilta obtained are : — 

1. On the oaloareoua oiay loame of BothamBted the 
nninanared plot of wheat continues to produce 10 to IS 
bushels of wheat per acre, a oonetant yield. 

2. 14 tons of farmyard raaniare averaged 33 bushels. 

3. The continaouB application of nitrates and am- 
monia stdts raises the yield considerably above the 
unmanured plots, but exhibits palpable eigna of exhaua- 
tion. Average yield in 32 years 20} bushels above the 
unmanared plots. 

4. A mixture of nitrogenous and mixed mineral 
maniires, compounded to represent a complete dressing, 
calculated to restore and add to the stock of plant-food 
in the soil, maintained a yitild of 32 to 36 bushels per 
acre for 32 yeare. 

5. When only mineral manures were used one year 
and ammonia and nitric acid and salts the nest on the 
same plot, the year mineral manures were used alone they 
were only tiiightly better than the umnanured plots ; but 
when ihe ammonia or nitrate was used the harvest that 
year rushed np to the level of the completely manured 
plots, showirij^ (a) that the minerals were retained in tlie 
soil beyond the year in which they were put in, (i) and 
that the ammonia and nitric ac;d satbi were not retained 
longer than a year. 

6. When dung is applied c mtinuously to land, the 
accumulation of unexhausted fertility bscomeK very large, 
and the removal by crops of the subatauces accumulated 
woQld extend over a long series of years. 
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The area nnder wheat, in India occotding to tfaa Agri* 
oaltural Statistics of 1904-05, was over 23 million acres. 
We have seen (he large net profit made by the use of com- 
plete well-lmlanoed fertilizers : ftllowing an in e i OMQ ol 
only Bs. 5 per acre, we get the enormouH extra net profit 
of Kft. 115 millioila. This is oertainly no trifie, sod is 
worth the attention of the leaders of public opinion in 
India. Tnia patriots ought to give their attention to the 
Banks that will improve Agrioulbare. With a change in 
the peasants' lot, Swadeshi enterpriseB must start up as a 
natural oonseqnenoe, and education most of neoessity 
accompany Hxm, so that, the . Indian politician, who 
looks a little ahead, instead of considering Agriculture 
ae a qneetion to be attended to at some distant date, 
when a greater political freedom will have been attuned, 
will do hie best to introdace true scientific farming, con- 
fident that, with the incrpase of wealth and education, 
he can apeak of the wants of the country, backed by 
the great majority, the millions engaged in Agrioulture. 

Since the above was wtitten the October issue of 
the Agricultural Journal of India made its appearance. 
In its Notea under the heiiding " Concerning Soil Ferti- 
lity " reference is made to Circular No. 142 published by 
Dr. Oyril 0. Hopkins, of the Agricultural Station of tlie 
University of Illinois. 

On tbe subject of fertilizers,' natnral and artificial 

much has appeared in the series of pamphlets on " Indian 
Crops treated from the Afanurial Point of View " and 
the frequent reference to these caused even so friendly a 
critic as the Hindu to give us a quiet dtg in the ribs. 
Quoting from the " Revival of Agriculture in India " the 
Editw says : — " In some places improved irrigation was 
the cry raised, and (Hl-engines and pomps were oonaid- 
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end the roya.! road to fortune ; in othei-a, iron ploagha 
were the ioBtramentB to which woald-be reformers 
nail their fattb, eto.," and then with the smild ot the 
nnbelierer he adds : — " Others i^^n pin their fiith to 
obemical manorea and artificial fertilizers as the Balvation 
of the Indian vatyat." Even Dr, Mann, in the pages 
the Pusa Journal, writes :~" With some of the details 
dt Hr. Kenny's BOggestions, we are not in agreement. 
We do not believe, for instauct;, that one of the preat 
needs of the Indian cultiyators is a supply of artificial 
manares. We have little evidence, again, of the pro- 
greraive deterioration of moat of the land in India which 
Mr. Kenny considers as certain." 

In reply, we can merely say, what is sidraitted by- 
all, that India has not a Bathcient snpply of natural 
manures, that the land has been longer cultivated than 
Europe md America, and that, if in those countries, 
manoring is considered the principal cause of the great 
increase of crops, the use of artificials in conjunction 
with cattle monare, or alone where farmyard manure 
cannot bo obtained, is a /oriiori more necessaiy. The 
question of price is quite another thing, and does not 
render the manuring less necessary. It is to be hoped 
the formation of Agricultural Banks will enable the 
raiyats to parohaae artiBoials at a rate that will render 
their aee highly remunerative. In introdooing the 
circular referred to, the Editor of the Agrioultural 
Journal aska a very pertinent question: — "Will it also 
pay in India ?" The answer emphatioally is : — ^Fertili- 
zers in conjunction with farmyard manure or used alone 
where farmyard manure cannot be had, will pay, pro- 
vided complete well-balanced fertihzers are employed, 
and vnn tita Bomb^ Department <d Agrionltnie, tliat 



379 



lias blundered along with ill-balanced incompkte fertili- 
zers for BO aiany years, ib qow beginniDg to see the nlnti 
of ooiuplele manures. 

As to the little evidence of progressive deterioration 
oC Indian aoUa, we hav« only to refer to wheat lands 
which return 4 bashele pei acre, and tek if something 
similar ie not the case with other crops in India. 

Since the publication of the report of wheat growing 
continuously at Botbamsted, many have jumped to the 
conolnsion that land deteriorates only to a certain point, 
after which a fixed return may be expected annoally, ad 
infiwUnm without having recourse to manures. 

We muBt remember that, though 70 years jnay be 
quite Long enough to prove soil deterioration, it is an 
infiniteaimdly short period to prove Complete exhaustion, 
and that the history ol England and its agriculture is but 
the story of yesterday compared with the long period 
daring which India has been under tillage. 

If well-tilled though anmsnnred lands on one of the 
most Boientifically developed experimental farms in the 
world show the lowest point of deterioration on wheat 
plots as represented by a crop of 10 bushels, we have 
reached this point as the present average of Indian wheat 
fields, and, consequently, the returue from this country 
must show a very large number of acres returning practi- 
cally nothing. This will tend to show the deterioration 
point reached by us, and may serre to check ooncltuions 
arrived at by a perusal of Botbamsted reports. 

Any way, we know that manures improve the 
crops ; we, know also that, where cattle manure cannot be 
obtained in sutlicient quantities, artificials take their 
place and fpre splendid returns ; and if we wish to benefit 
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the Indian laiyat, we should first show him the way 
to inoieaae his crop, be is dond everywhere elw in the 
worldi This managed, he will he ready to sit at 

anyone's feet to learn scientific farming, or anything 
else that will benefit, him. But, in the name of common 
Bsose, show him a pcodt licst, and do uot expect lo 
oonrett him 1^ railingfl at and oondemnation of every- 
thing be has hitheeto conaidered good farming, and leamt 
by praotioal experience to appreciate. 



SUGAR-CANE. 



Already in the time of the Roman b India was known 
for its sagaz. Pliny tells ub of a sweet salt obtainaUe 
from India and used in his time medioinally. It is evident 
that the cane was grown ho.m from Htne immemorial 
and that relined crystallized sugai: waa made long ago jq 
India. AU over the conqtry the natives grow the cane, and 
at present the attention of planters in Bengal hu been 
called to the profits to be derived from the cultivation of 
this plant. Large tracts have been experimented on 
with great success, and all the forces of modern know- 
ledge will be brought to the help of the sugar grower. 
It is time the natives brought soienoe to their aid in the 
management of their sugar farms. Already the com- 
plaints ate many and load of sickness and failure in the 
crop, and, as years go by, the losses will be heaviei-. It 
is the old stoiy. The soil has been overtaxed and refuses 
to give a return for the outlay. 

By persistent effort and scientific methods the 
sugar beet has been wonderfully developed, bo that five- 
eighths of the world's supply of sugar is derived from it. 
W^iile this improvement of the beet industry has been in 
progress, the cane, in many countries, has received little 
or no attention. Prices of sugar have declinedi bnt the 
cost of pxDducing it in the old way has remained the same. 
The natural result was that, in many cases, the sugar 
planter did not realise the real conditions confronting 
him until he found his profits gone and his ti8tates encum- 
bered with debt. Fortnnately some countries and some 
planters more wise have been modem, progressive, and 
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ahreofit with the ftdvanoed thought of the age, and these 
are to-day leading the world in the ptodoction of ingar. 

In India nitrogenous manores are used to a very 

fair extent, bi.A phosphoi'io acid and potuah are seldom 
employed ; and even the nitrogenous fertilizers used con- 
tain snoh a qoaafcity of salts that the end for whioh the 
cane ia grown can scarcely be obtained, becaiue one per 
cent, ot common salt renders 12 per cent, of sugur 
deliquescent. The canes m^iy look large, thick and 
jaicy, hot comparatively little sugar ia obtained. 

With combination and co-operation on the part of 
the sug&r growers and a aystem of manuring based on 
Boientific principles, India might supply the world with 
sugar. But it' eugar cultivation is to spread the Ahkari 
system must be changed. It is not a question at present, 
of small sugar factories or great central refineries. As long 
ae the sale of liquor i^ confined to certain contractors, to 
whom the right is auctioned, the present need of small re- 
fineries along the banks of c mals will not be met. A very 
heavy item in all sugar tactoriea is the quantity of 
molasses to be dealt with. Whilst the sale of liquor is 
restricted to the one licensee, profit on the nun mana- 
factiued cannot be depended on. Government might 
possibly find itdif&oult to receive and dispose ottbis im- 
portent by-product ; bnt tilt it can be sold in an open 
market, at a fairly remunerative price, sugar-refining in 
India mast langoiBb, and hundreds ot tbonaands of tons 
will annually find their way intoHindustan from Germany 
and A-OBtria. Once, however, the Ahkari question ia eettled 
in a way that will not prejudice the interests of the sugar- 
re&aei, factoiies will dot the land, a very greab impetui 
will be given to sngac-growing, and, iuBteod of importing 
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rafit quantities of sugar, Zndift wilt become 'fhe largwt 
exporter of thu prodaat. 

In this coTintiy the cultivation of sugarcane ia 
limited not only by the poverty of the people and the 
supply ot water foj: irrigation, bat also, and to a very 
great e^ctent, by the inatnlity to procure a sulBeiency of 
mtLniice and jgnoranne of artirtcial ferti!i?.er« that 
should be added to cattle-dung to make the manure 
complete and well-balanced. 

Owing to the ravages of white ante the stable 
manure most not only be well-rotted, but must remain 

exposed to the atmosphere and weathered during the 
rains; for the termite attacks not only the cane but 
consumes a good deal of the manure also. Of course 
the value of the manuie must suffer conaideiiibly from 
such exposure and depreciate to a great extent, but thia 
i& better than having the canes eaten. Mr. E. C. 
Ozanne, writing the Bombay Pregidency, says the 
dung of cattle, mixed with house sweepings and other 
lefose, is the chief manure for cane, as indeed for all 
bthez crops. In G-uzarat and Oanara great oare is taken 
of the muok-heap. Blsewhere apathy and ignorance 
prevail. 

This may be said of the whole of India with rare 
exoeptionB. 

From 150 to 200 maunds per acre and even as 
much as 400 maunde are used in various parts of the 
conntzy. 

In the neighbourhood ot large towns poudrette is 
extensively iised especially around Foona, Hholapore, and 
Ahmednuggar ; but, aocotding to Watt's Dictionary of 
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Ecanonic Ptodoots, " tbie has become too popular 

cane coltivi^ion would do well to use it ratbei u a snp- 

plementar; fertilizer thao as the sole mauore." 

In all such canee the nltrofjen appcai-s to be the 
.only food looked to, and it is rarely ve come aoross any 
attempt to supply phoBpborio acid or potash. In some 
plaoes as in Bassein, North Thana, where the climate ie 
too moist and the eattle-dung is demanded for rice culti- 
vation, castor-oake imported from Guzarat is the only 
manme. Caatox-cake is also need in considerable 
qnantitieB around Samalkot and along the East coast in 
the Madras Presidency. In some parts sheep and cattle 
are penned in the lietds that are to be placed ander cane, 
and in, others the aahes of the cmsbed oane and similar 
materials used as fuel in making sugar are returned to 
the land. Mr. Wray, a West Indian planter, strongly 
condemned this, but I have never found the native of 
India wrong in the choice of his manures when he can 
obtain them, and a closer investigation will prove that it 
is the cheapest way of obtaining the potash the aoils of 
thoae districts sadly need. In certain Proriinces of 
Bengal imbaraed cowdtmg is never used, as it is believed 
to stimulate the growth of the canes, which thus become 
liable to fall down, and the natives there are convinced 
(hat, though it produces a larger quantity of cane-juice, 
the juice is, however, much less sweet in conseqaeace. 
And this is quite in acoord with the teachings of science. 
Large quantities of cattle manure will contain a certain 
amount of salt which improves the growth of the oane 
wonderfully but reduces the quantity of sugar contained 
in the juice. The Poona district growers should bear 
this in mind. Unfortunately for them the G-overnment 
v^riments have Aown splendid growths ai jnioy oanes 
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"by the tun of «nonnouB qaaatities of • oowdnng vA 

pondiette, whicli was a waste of nitrogenotis manora and 
oeitftinly did not produce a correspoodiag quantity of 
■ngu. 

It BO happens that scarcely aD3rwhere in India is it 
settled what is muant, hy vaw sugar. In tlip. West 
Indies it is generally said that the yield o£ crystallizable 
sQgat is two to three tons per acre noWi in Java, 3*8, 
in Egypt 2'2, in QoeeneLand 1'6. In India, the average 
given for coarse sugar is one ton per acce ; but, if what 
is meant by coarse sugar, is guc, the actual yield of 
refined angar in India would be little more than one- 
third of a ton. Beports on sugar one hundred yeflM 
ago show refined sugar obtained per acre as 9 cwt., 
which would be about 27 cwt. of gur. 

The yield of cane to the acre is 3ti tons in Jam, in 
Qneensland Ifi,. in India 15 to 20 torn. 

■ Bat it is still difficnit to arrive at definite figures as 
to BQgarwheu reports are given concerning the outturn 
in gar, which is of different qualities containinp; varying 
amounts of molasses. There is little to wonder at in the 
poor returns of raw sugar when we consider that, to 
obtaio the necessary amount of phosphoric acid and 
potash, the crop miisi bfi Ro heavily manured for nitrogen- 
The result is not only a greal waste of nitrogen, 'the 
ooetliest ingredient of a manure, but an accnmnlation of 
salts which the sugarcane, greedy feeder that it is, takes 
up with the other plant-foods. It the Straits Settle- 
ments, Demerara and Louisiana, as well as in India, 
lands impregnated strongly with saline matter produce a 
oane which grows most luxuriantly but the juice is 
affected very prejudicially and consequently the sugar 
made from it. Many writera have pointed out that the 
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^ire^eHoecj-OfV' rtA '■, or: (Other saltain the sml, b^ond.' 
ti aertain proportion, invariably results in a watery, 
juice, .deficient jn - oryBtallizable jnattei-.: Mr. Wny^ 
mentiona that, in Province WeUesley, he had " known^ 
Bngar that was quite salt prodncefi the first year from 
such land, and on this account sugar entates on the 
Bnndeibmub had to be abandoned." 

In all experiinentB, wherever made, it is found that 
on ontinary boiIb, the highest percentage of sugar ui 
obtained team aumannred soils, but the qnantiy ot 
cane is of course small. 

It Bhouia be the object of the sagar-grower to uae 
such mannre as will give the very highest return of cane 
and joioe containing at the same time the highest per- 
centage of crystallizable sogar. 

For nitn^enouB manures green manuring is resorted 
to in many parts of India. If, to obtain a plentiful 
supply of this, phosphoric acid and potash were applied 
to the green manure crop, there is little doubt it would 
prove an excellent fertilizer. Phoaphatio manures axe 
unknown to the peasant, and the trials made with them 
by Gkirexnment officials in the Bombay Agricultural 
Department were so ridionloua that the scientific world 
woold'be too astonished even to smile were the experi- 
ments more widely known. 

Four tone of bone used alone, or, stiU worse, 4 tons 
of snperphoephate per acre, used for the nitrogenous 
contents, mtraMfa dietu, have been gravely reported on 
as ineffioient. One would think so. As to potash, lihongh 
it is mei in the shape of ashee, wherever there is a fair 
supply obtainable, by the raiyat, we find siearcely a 
mention ot it ia the Oovemment reports, natwith- 



^tandisg^ the esoellent results obt^intd tram ;iiB jiffi,M 
wioiiH 'partB of the civilized wor^d. - ■. 

According to the report of the D^artiQfint of Agri- 
«altare, Bombay Preaidency, for the year 1894 "ihel 
weight of mannre to be appli ed to each plot ia to be regnlft- 

ted by the percentage of nitrogen it contains. Eqnivalent 
weights of nitrogen to be applied to each plot. The per- 
centage of other elements of value will be known, and 
any marked difference between the plots will no doubt be 
traced to the value of elements other than nitrogen. 
Count will be taken of these differences, and deductions 
will be made which will eventaally regulate the nkanner 
in which two or more manures may be mixed with the 
object of reducing cost and getting equally good i^esults. 
Pondrette has been taken as a baaie, and of this manure 
42 tons per acre have been given — the quantity nsed in the 
district by the best cultivators of sugarcane." 

Heie we have a qaestion <^ nitrogen alone being 
taken into calculation, with tncs pious hope that "the 
valae of elements other than nitrogen will be traced," 
bat how traced and to what, the soil or the mannreB or 
the crop, we are left to gaess. . The praoiioe of the onlti- 
Tators is taken as a basis or standard and there is' little 
question of auientific experiments. The law ot minima 
appears to be absolutely ignored, the value (rf potash as a 
carrier of nitrogen, unknown, .and the benefits to be 
derived by the use of phosphoric acid in the formation of 
sugar onthought oi. Muck, and plenty of it, or other 
manures containing as much nitrogen, keep the atten- 
tion. That a redaotion of expense could be effected 
and an improvement of the" harvest by the use of leas 
nitrogen and some phosphoric acid and potash does not 
appdarto strike those concerned in these. espetiraenti. 
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Bnffioient for them is the fact that saWe and faroiTard 

maniire in fail^ly large guantities are used by the best and 
vealthieet farmers aioand. It may also have Btcuck the 
ezperimeotera that the manure in gnesfeion is oomplet^^ 
. thongh that is doubtful ; but whether it is well-halanoed 

ior the particular crop in question does not seem to have 
entered their minds. OonHidaring that the manuteB were 
chosen for the amonnt of nitrogen they oontain, we 
■re not sorprised to find them both incomplete and ill-bal- 
anced, when they are substitated for cattle-dung. 
Bonemeal would supply no potash, dissolved bones neither 
potash nor nitrogen worth mentioning. Tet such are 
used in experimental plots. " ^Farmyard manure and cattle- 
dung were applied before they were thoroughly decayed, 
with the result that, although according to analyais, they 
contained each "one per cent, of nitrogen probably 
more of it immediately available," (sic) the young cane 
was starved for a time." And from this a practical lesson 
IB learned. We are inclined to ask :— "By whom?" 

On page 14 we find a statement that sogar-cane 
zefnse js <A little value as a manure, and this is based on 
an experiment in which bones (whole, crushed, bone- 
meal, or dissolved bone is not stated), sogaroana refuse^ 
ash. and nrine were applied. The results are said to 
bear oat a widespread belief held l>7 onltivatoiB that the 
refuse ash obtained ilurinf^ the process of gul-maVing is 
practically worthless as a manure. And this decision is 
reached merely from the germination of the orop, before 
the harvflst can possibly be known or guessed at. 

The worthlessness of the next year's e;iperiments 
with 'comparative manures', is published in the words : — 
''The reputed percentage of nitrogen in the muiures 
tued diffen gieatfy from actual peroent^e." Ws mnst 
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bear in mind that the mannreB were rated according to 
fheic reputed nitrogenonB contents alone. How great 
these difEereuces are will surpciee any one acquainted in 
any degree with ordinary analyseB of oon«entratad 
fertilieera, and fae scarcely credited by any one connected 
with modal or experimental farms, or Boientific farming. 

DiuolTei^ 'bones, i. e., supei-phoBpha.te f rom boneme^ 
avexagee 0*5 per cent, nitrogen. The amount of nitrogen 
in 8,SS0 lb. enperphoBphate wonld be, according to this, 
17*6 lb. of nitrogen ; l.ut pago S2 shows no lens than 130 
lb., or seven times as much. Again 14,520 lb, dissolved 
bones and 1,2^0 lb. of saltpetre giye, according to the 
statement on page <i% no lesB than 250 lb. d nitrogen. 
This presumes 180 lb, of nitrogen in the dissolved bones 
and leaves 120 lbs. for the saltpetre, or 9-3 per cent., a 
very crude saltpetre, containing no doubt large quantities 
of conunon salt, -which, though it may help to make the 
canes large and jxiioy and fit for eating, must detract con- 
siderably from the powet of thj plant to form chryatal- 
lizable sugar. 

As nitrogen is supposed to be the plant-food govern- 
ing the results in these experiments, oar attention is 
naturally attracted to the plot treated with dissolved 
bones. According to the report, the 6 tons of superphos- 
phate contained 4S4 lb. of nitrogen. The usual analysis 
would show G7-a. The weight of oanes was 80,826 lb. 
of tops 17,005, anfl of gul 9,870 lb. Evidently nitrogen was 
not the controlling factor in this harvest. The fiah 
manure 6 tons -ma supposed to supply t)00 )b. of nitrogen 
at the rate of 6*3 per cent, against a lat^r analysis of 9*80- 
The nitrogen should therefore be nearer 1,052 lb. per 
acre. The harveat was 105,490 lb. of stripped canes, 
14,386 tops, and 18.400 lb. of gnl. 
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Here we have an expenditure o£ 67 lb- of nitrogen; 
against 1,052 lb., and yet no note is -mode of tba oth^; 
chief ingredientB of plant-food thid,t mart have aided tlffi; 
small amj)tint of nitcogen in the diasoWed bone and Uie. 
larger applies in the soil to result in a harvest of 9,870 
lb. of gnl. 

In the plot manured with bones fermented with 
sugarcane ashes and urine, tbere ia a remarkable result 
which passes quite annoticed in the report. Potash is 
well known as a carrier of nitrogen. A great deal of it 
settles in. the tops of the canes, which is not the case 
with phosphoric acid. The plot in question had stripped 
cajies 47,950, tops 11,17.5, as compared with the fiBh-man- 
nred plots 190,490 lb. stripped canes, and 14,335, tops, 
i.e., with only 40 per cant, ol a harvest in cane, it showed 
70 per cent, in tops. In the notes not a word of reference 
appears about the potash and its patent effect ; every- 
thing said is about nitrogen. 

When from this single experiment without even a 
checkplot, we get the decisive conclusion; — "Theiesutta 
ore oonsidered conclusive and this plot will be utilised to 
test the value of one of the edible oil cakes as a manure in 
the jreserred scheme," we are not prejudiced in favour of 
any other dednctiona made from the results of these 
ezperimenis. 

The very experiments before us prove that nitrogen 
alone, though an important plant-food constituent in 
the manure required by the sagoroane, is certainly not, 
and cannot be the determining factor in the sugar harvest. 
The following are results taken from the report (except 
that the real and not the imaginary amount of nitrogen ia 
placed after dissolved bones): — 

Nitrogen Canes. Gul. 
Dissolved Bones 67 lb. 80,3'^5 kb. 9,870 1b. . 
Castor Ooke 462 „ g^^jSO „ 12,235 „ 
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Nitrogen Canes. (rul. 
Kmiti Calw 441 „ 80,600 .. 10.640 
CftWleDung 43 tons 50,5X0 „ &.315 

The dung was supposed to supply one per cent, 
nitrogen, oc considerably more than is found in that of 
ordinary oake-fed catUs, and conaeqoently auionnted to 
over 960 lb. Yet, with the gimtest amount of nitrogen, 
it prodnced a miserably poor hafveat. 

In another expsriment with 3 tons of dissolved 
bones and ] ton of saltpetre the harvest resalted in 

105,735 tb. cane, 13,975 !b. tops, and 19,226 Ih. gnl. 
though the actiiial supply of nitrogen was only 291 lb. 

It is admitted " Dr. Leather has proved that the 
amount of nitrogen is about five timea as much as is 
taken up by a very heavy cane crop," but as if it were a 
Batisfactory explana-tion of the gfeat waste of nitrogen, 
we find the words added : — " It is less than that contained 
in a fall dressing of poudrette or cattie-dung as given by 
the best cultivators in the district." 

It does not appear to hB>ve struck any one ooaneoted 
with the farm that such enormous supplies of manure 
were required on aooount of the Law of Minima, and the . 
p}u»poric acid and the potash requisite had to be supplied 
by the cattle manure even if the greater part of the cost- 
ly nitrogen were to be vraated in the drainage water. 

To take as a standard the amount of nitrogen found 
in the cattle manure used by the best and probably the 
wealthiest knnbis and to stick to this in spite df analyses 
of the harvest and of the manure does not show a scien^ 
tific spirit. It is more thaif probable that a far smatlet 
quantity would have -been used by the. Indian former 
Qould he have fonnd ashes cheap enough for a potaih 
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snpply. In the report of the Government Teats for the 
Incidence of As&esBment we see that this has been done. 
At iuiy rate, ibis difficult to team what object is aimed at 
when moh enormooa quantities of nitEogenoos manure 
are pl&ced on the Belds. On good blaok soil in the 
Satara District in the Krishna Talley, growing garden 
crops and sngaroane, tobaooo and chillies, 15 cartloads (d 
farmyard manare were added fox the year, and the 
harvest of gal' from Pandia was 11,312 lb. in 1890-91. 
Of coarse, manures had been used for pravions crops, and 
the land was rich. Bat in the reports before ns little 
note is taken of previous manuring in the calci-ilation of 
results, JTo analysis of the soil is made to learn what 
qoantibieB of nitrogen or any other constituent of plant- 
food WM left from the previons fertilizing. Poodrette, 
containing 423 lb. of nitrogen for American BOgar aor- 
gbom, is followed by 44"6 tons of poudrette containing 
1,000 lb, of nitrogen for sugarcane. Coosidering the 
amount of nitrogen taken up by the crop, it is a woefol 
waate and extravagance. Again poudrette, containing 
847 lb. nitrogen for cane, is followed by 3-3 tons of 
Bsfflower sake containing 500 lb. of nitrogen. The pbt 
manured with fish, containing 500 lb. of nitrogen had 
been previously manured with 600 lb. of nitrogen per 
acre. It is little wonder that we are inclined to respect 
what was said by Mr. Townshend many years ago, when, 
expressing his general disapproval oE attempting to bene- 
fit the cultivation of the, country by means of Govern- 
ment Farjus, he added that " Uovernment i'armB were 
managed on a scale of expense that it was oselsBB to ex- 
pect that the raiyat would emulate." 



To aee how nothing practical has been gained on the 
facinl^ fhe osiB of incomplete fertilixetB, we murt.msrvljr 
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add to the list of results that mentioned before as h&ving 
been obtoitLsd from araiyat's land in Satara, in 1890-91, 
•od the oompacuoa will need no comment. 
Plot. Ool 



1 


Poadrette 


44- f) 


tons. 


10.737 




Safflower 


,3-3 


rT 


12,820 


» 


ilowra Cftku 


8-6 


II 


7,735 


6 


Cotton aeed 


7-1 


11 


10,980 


7 


Fish 


2-9 


l» 


11.900 


8 


Castor Cake 


5-9 


If 


9^20 


9 


Kacanj Cake 


6-6 


rl 


9,770 


Satan 


Fannyaid 


15 cartloads 


11,813 



That the rai}'ats Ati not rcBtrict themselv^ee to cattle 
dnngand farmyard manure is well known. In Khajurdi 
green manuring is also resorted to. At Basaein castor 
cake is used. The examples above axe therefore not new 
to the Indian sugar-geower except ae to the qoantitf 
used and the expense undergone. 

Beginning with 500 lb. as the minimum quaatit;^ 
psE oore necessaryfoc a good i^iop of aiigan»ae, a modifi- 
oation is made in the year 1902, when 400 lb. beoomes 
the standard. In 1905-6 this is still furthei' reduced to 
350 lb. ; bat to judge from the exporitntnits upon which 
the deoiaion is foonded the figare might as well hava 
been fixed by blind gnessing. 

Tear after ynnr wo Imvo tho aanie trials with nitco- 
genooB maourea and no where do we find the analyuB 
ooiract. The nitragenoas contents of the nncnnreB are 
supposed to be the same in all the plots, bat dd /auto -7117 
from 40 lb. to 210. 

With the introduction 'of the Sewage EKperimentg 
at Uanjii we have Dr. Leather's analyses " showing the 
vdghi (4'plant-£ood in the crc^." 
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J>a8cn{ition. 


Wdgfat 


Nitrogen. 


PhoBph; PobMh. 




m Jb. 


lb. 


'acid. 




Clew cane 


98,000 


44-25 


49-15 


15-730 


Careen tope 


14,B4U 




15-88 


91-71 


Dry lenveB 


13,S70 


57*19 


15-68 


109-30 


Total ... 


125,710 


181-25 


80>61 


216-790 



Yet we find that for a ovoy uf 101331 lb. ol sugar- 
cane which was eBti'matecI to require 124 lb. nitrogen, 
77 lb. phoephoric acid, and 844 lb. potash, the plant-food 
estimated to be supplied by the effluent amounted to 
73.5 lb. nitrogen, 353 lb. phosphoric acid and 274 lb. 
potash. In other woi-ds theie was a defiolene; of 70 lb. 
o£ potash, whilst the excess of phosphovio aoid and of 
nitrogen amounted to 27(> and 611 lb. per acre reepec- 
tively. 

These analyses, however, wera prodnotive of some 
good. Though, in the expei-imftnts carried out in the 
year 1903, there were two whose results should have 
stmck the oilicial in charge, they seem to have been 
poBBed DTsr in silence. Plots 3 and 4 were treated with 
bonemeal and- one with dissolved bone, reapeotiTely, 
aa usual for the nitrogen they contained. 2,240 lb. per 
acre would allow 86 lb. of nitrogen from the bonemeal, 
and only 11 lb. from the dissolved bone. Yet the Qnl 
barvemt was 1,980 lb. from the plot getting 86 lb. nitro- 
gui, and 8,575 lb. from the plot getting 11 lb. nitrogen. 

Bat the next year introduces trials with manures 
Other than nitrogenous. Again the idea of a complete 
mannie seems onthought of. One plot manured with 
phosphorio acid and potash, but hanng no niteqgan 
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yielded 8,786 lb. of gul of excellent quality. A oo^pari* 
Bon is made between this and another plot manured 
with 550 lb. DitEogen i^ontained in farmyard manure and 
Bafflower cake. Yet this appears to have bees done 
becanse phosphoric acid and potash, without nitrogen, 
were successful with Lucerne. Sugarcane is sorely nut 
a leguminous plant to be left withoat nitct^enous 
inanuie merely because this treatment suits Lnoenie. 

The minimum quantities of various plant-food in- 
gredients essential for a good sugarcane soil have, with 
the exception of lime, not as yet been determined. 
Bemlar, in his "Tropical AgL>ionlturet " Vol. m, page 
2'i4, states that the soil should contain at least one per 
cent, of lime. Nitrogen, phosphoric acid and potash 
should be applied actiftciaily in almost every case, as the 
supply of these ingredients in the soil soon become 
inanBicient for the needs of the crop. Sugarcane 
requires a considerable amount of the essential plant-food 
ingredients as shown by the detailed investigBtions of 
Mr. C, J. van Lookeren of Oumpagne Klatten in the 
" Archief voor de Java Suiker Industrie " 1893. page 397. 
This gentleman found that a crop of cone removed from 
the soil 

Phos 

Nitrogen. Potash. Lime. 
In 78.701 lbs. oaue 

ready for tiiushing ... 40"9 86"0 ■ 40'1 16"1 
In 54,305 lbs. tips and 

green leaves ... I0'5 38*6 5*0 4*9 

In g,S2B lbs. dry leaves 28 9 53 6 7 8 . 50^6 

Total ... 76*8 1711 «3-9 73-0 



This tftble gives us a striking illustration of the use 
made by the plant of various fertUiserB. The tips and 
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green leaw aoddiy leavee require 34'4 lbs. of the nitrO' 
gen, wfailBt the cane taikes 40'9 of the nitrogen, as equoit 
qil&Diity of |>otadb is required for the leaves &ad c&ne, 
and iDOie than three times the aniount of the lime that 
goes to the c&ne remains in the leaves. The phosphoric 
acid, however, settles in the oane for the crystallization 
of the sngBE, 40 Iba. serving for thia putpoee, againit 
12'8 lbs. for the lenves. It is not snrprising then to 
iind that in liuzon in the Fhillipinee, where the (attest 
and heet vague prodneing canes ace fonnd, the soil is ex- 
ceedingly rich in phosphoric acid. 

By oomparing the table given above with the reqaire- 
ments of rioe we* find how much more plant-food is 
taten from the soil and oonseqnently haw mnoh heavier 
manuring it requires. It will be seen that the amoont 
of phosphoric acid required by sugarcane is, relatively, 
nnusnally great, and the work done by the phosphoric 
acid, in increasing the return of sugar when compared 
with the weight of cane, is also very remarkable. ,Tust 
as patent is the heavy drain of potash on the soil. Yet 
anyone who has visited sugar plantations in India must 
notice the comparatively heavy fertilization with ni- 
vogenoos manure and the almost total absence of those 
containing phosphoric acid and potash. 

In the " Tropical Agriculturist" of Ceylon for April 
1902, a periodica! of the. greatest intei-est and importance 
to ali engaged in agrJi^iiUutu, wc find a quotation from 
ibe " Agriculfnral Journal " of February i»t, showing the 
plant-foods removed from the soil by seven different 
pianta. It is decidedly instructive, telling as only too 
]^]amly what a terrible feeder the sngnroane is : — 



( Plant. Nitrogen. PfaoB. add. Potoah. Lime. 





ffogarcane 


127 


44 


298 


71 




Wheat 


43 


33 


.36 


16 


r- ■ 


' Bailey 


:47 


38 


54 


11 



897 



Plant. Nitrogen. Phos. acid. Potash. Lime, 





61 


31 


66 


14 


Hioe 


41 


26 


tiS 


10 


FotatoeB 


36 . 


IS 




s 


Ootton 


64 


19 


40 


98 



The continual plantinj^ of euKatcane ejthatiBts the 
soil very rapidly, causing first a deficianc; of nitrogen, 
then of phosphoric aoid and lastly of potash. 

Basset has compiled a mass of data regarding the 

composition of the sugarcane and of the vartoos parti 
of the plant. These go to show that for every ton of 
canes harvested, i'S'0(i8 lbs. of nitrogen and 29'66S Iba. of 
mineral matter are, on an average, removed from the 
eoil. 

Taking Basset's caleulationa as a basis and disregard- 
ing those constituents which are present in snfficiest 
qoantitieB in all agriealtoral soils, wearrive at the follow- 
ing theoretical composition and proportions of the plant- 
foods removed by an average orop of 40 tons per acre : — 
liiitrogen ... ... 122-72 Iba. 

' Mineral matters — 

Phosphoric Acid ... 99 80 lbs. 
Potash ... 366-40 „ 

Lime ... 87 20 „ 

Magnesia ... 69*40 „ 

622-80 
746-62 

But it, as should be the case in any economical sys- 
tem o£ cultivation, the tops, and leaves and thrashing of 
the canes, and the skimmings and residues of the eugar- 
hooBfi be restored to the soil of the plantatian, tlie' UiUb 
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■sod magnesia may, m the . case of sdb fttinly lioh in 
lime, be left oai of si^t, and the neceasuy inoriBion of 

nitrogen, potash and phosphoric aoid will be redQced to 
the quantitins removeiJ in the canes themselves. 

Having reoooiBi.' again to the data furoiahod by 
fiasaet, we find that these qaantitioB are approximately 
. BBfoUowB: — ■'■ 

Nitrogen ... ... 40 Ebs. 

Potash ... ... 80 ,. 

Phosphoric Acid ... 37 „ 

Thns, on a careful but liberal estimate, in order to 
make picniBion for the production of a minimum crop of 
40 tons of canes per acre, we have to supply to the soil 
of the plantation annually: — 

Nitrate of soda (in two or more applications) 400 lbs. 

Sulphate of potash ... ... 200,, 

Superphosphate of lime ... 1 
(16 percent, phosphoric acid), j ■ " " 

Obviously, this formula must be modi6ed to corcea- 
pond with local circumstances of the soil and climate, 
and to the variety of case grown. 

From carefully carried out experiments of various 
mannns in Tu-. a we can draw np a table of oomparison 
oonoeniing their effioacy for sug&i-cane : — 



VertiliMrB applied 
peraiore. 

Plot 
1. No tertituser 





9ugai' 


Analyaia 


Weight 


obtained 


ofjnioe 


of cane 


from laore 


percent- 


per acre 


at 76% 


age of 


in lbs. 


pressure 


eigar 




in lbs. 


per cent. 


... 41, 082 


5.037 


1994. 
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fflrtilusarB appli«d 
peE aore. 



Plot 

4. Boneue&l 236 lbs. 
and ealphate 
of ammonift 173, 

11. Efttthnat oakfls 
1,1«0 lbs. and 393 
lbs. acid pluwpbatfl 
(30 per cent.) 

10. Bartlmnt cakes 
1,180 IbB. and 315 
lbs. sulphate of 
potash 

16. The above and 393 
lb&. acid pbOB- 
phate 

17. liarthaut cake 
only, 1,574 lbs. .. 



Sugar An^TKB 

Weight obtained of joiee 
of oane from 1 acee peioent- 
per acre ai 7S % vige of 
in lbs. preBsnra Bugar 
in Iba. pec oent. 



9S,S63 6,582 



97,668 11.388 



110,103 11,097 



114,038 



125,056 



12,041 
12,277 



18-^9 
1819 

16-23 
16-76 

isig 



Tbongh the earthnot cake in large qnantities gave 
an immecBe cetui-a in oane, it is partioulacly noticeable 
how low the percentage of sugar works out in the ana- 
lysis lA juice, whUet amvAl ijuaiiLitios of bone, aoid 
phosphates and potash show a very high return. As 
1,180 lbs. of earthnut cake contain IB lbs. of potash and 
15 lbs. of phosphocio aoid, it will explain how the per- 
centage of sngar was not lower,, and how beneficial it 
was to the growth of the plant. Plot 20 with potash and 
phosphoric auid added gave the highest return, viz ; — 
118,603 lbs. as the weight ofthe cane,,agatnst 114,667 lt». 
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18,960 Ibi. of mgtx, against 12,592 lbs.; and 17 07 as &» 
percentage of sugar, against 15'69. 

Experimenta in Honolulu with plant cane and first 
year lattooDS gave, per acre, from different oombiaationa. 
of fertiUaerB : — 



BMuUt of MpsrMMfUa on plawt eons hairveated in 1899. 



Kind of fertilizer applied. 


lb. of eane 

per acre. 


% snorou 

in eane. 


lb. sugar 


TTnfnrtilixMl 


140,680 


1&S2 


21 83a 


Nitrogen 


172,040 


15*12 


2S.463 


PboBphoric (usid 


144,480 


1515 


21,842. 


Potash 


171,280 


14-73 


25,201 


Phos. acid and nitro^^eQ 


170,040 


14-41 


24,46& 


PotAsh and phofl. acid . 


170,120 


14-78 


25,041 


Potash and nitrogen ... 


182.200 


14-95 


27,330 










nitcoffan 


171,520 


14-89 


25,493: 


Results of experiments on 


rattoons harvested in 


1900. 


Uaf ertilized 


126,424 


16-65 


21.086- 


Nitrogen 


174,636 


14-10 


24.681 


Phosphoric aedd 


144,716 


16-65 


22,639' 


Potash 


161,780 


lfi-8 


23,985- 


Fhosphoiio acid and 








nitrogen 


210,161 


18-68 


28,46& 


Potash and phosphoric 








acid 


153,06S 


14-55 


22.27» 


Potash and nitrogen 


222.184 


18-86 


81,008 


Potash, phos. acid and 








\' nitrogen 


221,297 


lS-30 


29,255. 



The fertilizer applied in the rattoon experiment fur- 
nished 183 lbs. nitrogen, 255 lbs. actulal potash and 148 
lbs, phoRphorio oeid, equivalent to 030 lbs. nilphate oC 



ftinmonia or 1,137 lbs. nitrate of soda, 510 lbs. itulphate 
of potash and 1,000 lbs. acid phosphate. The most 
profitable combination waa nitrogen and potaah, which 
piodooed an increase of 9,922 lbs. of kogar over the 
unfertilized plot. 

In Lonifliana, aa{ie is grown only on the alluvial 
soil, and ita Sugar "RxppnmeTit Station has concluded 
that a fertilizer, rich in nitt'Ogen, with a small quantity 
of available phoBphorio acid, is best suited to it. 

The proportion of nitrogen ia incraaaed on rattoons 
and Bocoession plant canes. 

TbKmgfaoQt the Georgia, and Florida Coast region 

a mixture of cotton Eeed meal, acid phosphate and kainit 
are almost exclusively used and produce good results. 

Bacbadoes finds nitrogen, preferably nitrate of soda 
and sulphate of ammonia, most effective. Phosphoric 
add in acid phoephate. beneficial when nsed in moder- 
ation, diminishes the yiek when aj^lied in exoesaive 
quantities. 

Demerara derives the most benefit from nitrogen as 
sulphate of ammonia, with Thomas Blag, the most eCtes- 
tive sonxce of phosphoric acid. 

The Leeward Islands have, apparentljr, no great 
dflmand for nitrogen, although on soils not recently treat- 
ed with pen manure its results are marked. Phosphates 
do not increase their oane yield, but in many instances 
decrease it. while potash with nitrogen gives the largest 
yields. ^ 

In a publication of the Imperial Department of 
Agricnltore for the West Indies, Francis Watts shows 
tl»t, on land where pen manure had not been prerioaiAy 
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uaed, an applieation of 60 lbs. of potub (120 lbs. sulphate 
of potash) per acre, pradnced an increaBe of 393 lbs. of 
sugar — ^2,316 lbs. of sugar, when nitrogen and phosphocio 
aoid wexe added to the potash. 

Another remarkable instance of fihe neoeadty of a 
proportion of phosphoric aoid and potash in a oane ferti- 
lizer is the fact that when, instead of 1,180 lbs. «atthnut 

as in Plot 18 (Java Experimeats)l,574 lbs. were 
used on Plot 17, the yield of cane increased enormooaly 
to 125,050 lbs. ; but, notwithstanding thia increased quan- 
tity (10,383 lbs,) the production of sugar decreased by 
315 lbs. Most sugar planters are well aware of the delete- 
rious effects of nitrogenous manores in very large quan- 
tities unless counteracted by phosphoric acid. 

The effect of phosphoric acid was especially notice- 
able in a field at Dinoy, experimented on by J, D. Kohrs, 
at the East Java JSxperimenta! Station in 1693 : — 

Cane, Sugar. 
Without superphosphate ... 67307 lbs. 7,429 lbs. > 
With superphosphate ...89,353 „ 9,409 „ 

Mr. H. MorriBon of Hawaii reports in 1895 on the 

effect of fertiH?.ers on sugaroane, and the figures spesik 
for themselves : — 

Plot 1. No fertilizer yielded per acce, 8,93ti to 
10,076 Iba. sugar. 
„ 2. 18,484 lbs. Btoble maiinre,lS.484 lbs. sugar. 
„ 8. 6,717 lbs. stable manure and 1,119 lbs. arti- 
ficials (10 % phos. acid, 5 % nitrogen and 
6 % potash), 14,553 to 15,172 lln. sugar. 

Besides the numberless experiments oarried out in 
the Wdat Bidies, the Fhillipines and Java, we have had 
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expeui meota carried out ia India by Mr. MolHsnn, now 
Inspactor-Qeoeral of Agriouiture, Referring to theeo, 
ihe following letter from Mc. P. ^. Kanetilikaii', ihe able 
andsnooeBBfalSnperintendeiit of tbe Fimpresa Bctanioal 
Qftrdena, Poona, puts the chhc duarly. He says: — "I 
foigot to inform you in my letter of .the other day that 
I was one of those in charge of the experiments with 
making gnl (raw sngar) from sngoroane fertilized with 
diSecent manures at the Ksperimental Farm at Manjri^ 
near Foona. The gul got from the bone manure plot 
was the best of all, golden yellow in colour, with spark- 
ting crystals and as firm , as could be desired. It 
kept dry ta the monsoon when gul mode from cane 
fertiliz(<d with poudrette and oiUcake manures generally 
gets pasty from the damp." 

Irrigation ia reaprted to extensively and to very 
great advantage in the Hawaiian Islands and, as in Poena, 
it is relied on there as principle factor in the production 
of maximtun crops. Bat i*: shoald be borne in mind 
that irrigation and the M^a of fertilizers are interdepen- 
dent. With heavy manuring irrigation developes the 
productivity of the soil, but, if fertilizers are not applied 
in sntticient quantity, it helps to deplete the land of its 
plant-food. 

It is doubtful if in many parts of India there is a 
Buffioienoy of cattle manure, and chemical, or rather, 
artiiicial fertilizers must be used to restore to the land 
the ingredients used by suooeBstve crops. 

In the present state of oar knowledge of the ptinoi- 
ples which govern the supply and utilization of plant-food, 
the sugarcane grower, like every obhec farmer, must 
turn for help to agricultural science and thus learn, at a 
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minimum of coEit, to maintain the soil al the plantation 
ID such a state of fertility aB to inatire maximam and 
QODtioaous yields and to oombat the effect ot uoEaTOurable 
BMBona, paiautie attacks, etc., by unstained vigoni of 
grow^. Prodigal and haphazard metbods of mannring 
involve a waste both of capital and labonr. 

Iq the ey.perimenta on the Manjri farm, in former 
yeikCB, the attention of Government ofilciikle aeema to 
have been fixed on aseertaining the amoont of nitrogen 
required for the best crop of canea, forgetfu) of one or 
two points that require the most serious coosideration 
from practical farmers, viz., the percentage of sugar 
obtainable from crops grown with an exceasive amount 
of nitrogenonB mannre and of the waste entailed. 

Such authorities as Messrs. Aitkin and "Wright 
state that, in the question of manartng, the analysis of 
the soil is of less importance than the kind of crop. It 
has been proved by nnmeroaa practical experiments and 
observation that crops vary greatly in their power of 
utilising the several constituents contained in the soil- 
Srane crops have a difficulty, in most soils, to provide 
themselves with enough nitrogen, others to obtain a 
auffioieney of phosphoric acid, while others, again, are 
unable to obtain enough potash. It follows that the 
•abstanoe that plants take up with the greatest diffionlty 
is the one which exeiciees over them the gieatest influ- 
ence and produces the greatest increase of yield when 
applied to them in readily available forms in mannre. 
The special requirements of the crop should have first 
consideration. The nature of the soil exercises only a 
secondary influence, 

Thereai'evariouBsources from which the stnl maybe 
replenished and the crops provided with potash. In 
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the first plaoe, there is farmyard muiuie and also the 
manure pR>due«d' on (he farm by the coniomptkm of 

-cakes or other fooda rioh in potash. Were the supply lA 
potash from these soQroea abuadant enoiigh and cheap 
■enough, none other would be required. Bat, great at 
IB the total qnantiy ot farmyard manure in England, it 

■is not fl.dt]qnate for thia parpoec. The straw or litter 
'Of farmyard manure contains a conaiderable percentage 
■<A mineral plant^ood. The ash ingredients in straw 
■amount to S per cent, or about 112 lbs. per ton, of which 
.15 to SO per cent, is potaah. Takmg the mean of a very 
iai^e nambex of analyses of farmyard manure, it may 
9>e said that in the ash of well-rotted dang theamonntof 
potash is from' 4 to' 7 per cent., that is to say, one ton of 
iacmyard raanni^ contains only from 9 to 15 lbs. of 
potash. Heiden calculates that 25 tons of farmyard 
-moaare, applied once in the rotation, would not suMce 
to restore the potaeh removed by an ordinary rotation of 
'Crops sold off the farm, even if every ounce of the potash 
in the manure were to hnd its way into the roots of the 
>crops. i^-hich is nob possible. More, probably nearly 
double that quantity, would be required to moke good 
ihe loss. 

If this is said ot farmyard manure pro durable in 

England and of ordinary crops, what must be said as 
to the deficiency in potash of Indian cattle manure when 
a greedy potash eater such as sugarcane is in question. 

The growth of plants is regulated by the smalleBt 
•quantity ot any aTailable and neeesaary plant-food. It 

the sugarcane is to reach its* highest development, 
4bU the neceasary plant-feiod must be ready in the soil. It 

was Ijiebig who toxmulated the principle : — " The plant 
Joes not Uts on single food ingredients but on a nourish- 
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ment ootnposed of different food-atuffs, and every sutgEa* 
constituent part of this noariahment is effective only iit 
the completed whole. Kitrogen cftnnot build a single- 
leaf, ft single stalk, a single halm, anless phoaphorio- 
Bicid is prf«9ent and all othee plant-food ingTedients- 
in snf!6cient quantity." 

Frofesfloc Wagner saya ; " Nitrogen should, as mnob 
aa possible, be carefoUy measiired out for the plants, 
and only when ths remaining plant-foods are present in 
snfficient quantities, is the beat possible result obtained 
from the oitrogenons manuring, and the absorption' of ' too- 
great a qnantity pievented." 

The Hawaiian^ frequently uae a ton or more of 
fertilizer per acre, applying it at two different times, firat. 
at ptantmg, or soon after the cane is Well np, and a second 
time at the Opening oi the following spring. Mr. Pogae 
of Kihei plantation has tjuccessfuUy applied nitrate of 
soda> in the irrigation waters ; bb a question of economy, 
it is proposed to apply all soluble fertilizers in this- 
manner. This practice is not unknown in Southern 
India. 

In Loniaiana, the amount of fertilizer used is 400' 
to 700 lbs. per acre. Nitrogen in excees of 48 Iba- per acre, 
which is about the limit uf aiseimiiatioa in an average 
•SBSon, has been found by the Experiment Station to- 
be wasteful, and phonphnrit; nriid at the rate of 36 lbs. 
ample. PertilizerB are usually applied at the time of 
plantang, or at the time of throwing the finrat schI tO' 
the young cane, whether pliLnt or stubble, by manure- 
disthbuting maohiaeH ooastructed to saatCer the fertilizer- 
on both sides of the row at the same time. 

In Barbadoes 40 to 80 lbs. of nitrogen, preferably a» 
I snlphate of ammonia and h nitrate trf soda ' per acre,. . 
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is corieot, a small part applied shortly of tei the oanft- 
gennmates and the i-einainder in June ol' A^ugnat, when 
the cane's growth ia moBt rapid, together with 80 (o 100 
lbs. of. potash. Phosphates are not specially reBommfind- 
ed, but, when used, should contain from 80 lbs. (on 
rattooos) to 40 lbs. (on pUnt-cane) ot phosphoric acid 
per acre. 

For Demerara's stiti clay 50 lbs. of nitrogen, in 

the fom of sulphate of ammonia, with 600 to 600 lbs. of 
finely-'ground slag phosphate, per acre, ia considered about 
right by Professor Harrison, Both are supplied to plant- 
oane at an early period and ic one dressing, but safficient. 
slag phosphate remains in the soil to supply the rattoons. 

Gteneraliy speaking, the question of profit or loss 
in cane-growing turns nn the intelligent selection of 
fertilizers, the correct use of which frequently doubles 
the yield. 

The high esteem in which fertilizers are held by the 
Hawaiian growers may be inferred from the large quantity 
used annoaliy. ' Director TQckart asserts that in 1901 no- 
leas than 25,000 tons of commerioal fertilizers were 
added to the Hawaiian soils to satisfy the demand of the 
eiigar industry. The shrewd business wisdom of this 
enormous consumption is made plain by the statement 
of Dr. Maxwell, that, where the trash of the cane is re- 
turned to the soil, each ton of sngar prodooed removes- 
from the soil in cane : — ■ 

ll2'7 lira, nitrogen, 

36-3 „ potash. 
8*2 I, phoeghoric acid. 

With the total sugar yield of the island approach- 
ing 300,000 tons on about 50,000 acres of land, the 
demand for this large quantity of fertilizers is apparent- 
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The secret of a profi table iadartry lies in eoonomioal- 
Ij gzuving robust cane, rich ia sugar ; and no soil is so 
lioh u to continue year after to grow large, and re- 
mnnemtiTO crops, nnless the plant-food retnorad by the 
erop be retamed in the form of fertilizers. Those sugar 
oounCries, which are growing the largest crops of cane 
per acre are the most prosperous. A careful study of 
their pzactioeu teaches that they obtain aoooess and 
wealth by thorough preparation of the soil, judicious 
ieitiliziDgi intelligent cultivation (including irrigation 
when regained) and in eliminatioa of rattoons as soon 
M their yields drop below a pioSt-prodncing qoantity. 

The world's experience is that no one crop can be 
grown continuously and profitably on the same unferti- 
lized Boil, no matter how rich it was at the beginning. 
Sugarcane is a most exacting, as well as soil -exhausting 
crop. In a report recently made to the Queensland 
Ooremment upon the condition of the sngar iadoatry 
of Australia, Dr. Walter Maxwell, Director of the Sngar 
Expferitnental Station at Brisbane, emphasizes the neces- 
uty of feeding and so restoring to those soils their former 
iertilil?, which, according to the Hon. W. H. Gtroom, 
had fallen in annual yield from 40 tons of cane in the 
beginning to 16, 13 and 12 tons, in 1889, and accord- 
ing to the report for lUOU in ^orth Mackay, to from 
4 to fi tons and in other diBtriots to from 7 to 8 tons. 
Dr. Maxwell says : " The averago yield of cane to-day 
thatonghont Qoeensland is 16 tons per acre as against 
46 tons per acre daring the earlier years of the indostiy." 
J'nrther on, after showing by analyses of virgin soils 
-and those continually cropped with cane a loss of 31 per 
cent. cA nitrogen, 42 per cent, potash and 37*2 per cent, 
lime, in the latter, he adds ; " Their immediate yielding 
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jower hu been serioasly imp&ired, bat by mora modem 
methods of cultivation, rendering available the reserve 
•totes of plaat-£ood and by returning io the land those 
«IeinentB which have been, iiad ore being removed 
the prodooing power can be rcBtored. Intelligent 
cultivation, and a judicioun nite of fertilizers can, 
without a doubt, restore the orgiual producing power 
to these soils, and obtsin 40 tons of oane per acre. More 
than that, here as elsewhere, by the application of scien- 
tific resources and intelligence, better and larger crops 
OEHi be grown than those drat produced by the virgin soil. 
Modem methods of farming and planting reoognise the 
'value of fertilizers for every soil and every crop, and the 
angar planter, alive to the advarntages of the present age, 
knows well that oane culture is among the most intense 
■agricaltntal indnstries, where the size and profi.t of his 
«Top is largely determined by the intelligent use of heavy 
-applioations of fertilizers." 

As all the world nver, so even in Egypt, a land of 
-exceptional fertility, the constant cropping of tho soil 
rendered it so poor that the harvests no longer paid the 
possessor or tenant for his ground-rent, rates, and taxes. 
Tieniajin in " The Sugarcane in Egypt, " writing on 
this point, says : " Oan we succeed in getting more out 
■of a given area than we have hitherto done ? In any ease 
plants will demand a good soil. And snoh a good and 
iraitful soi! we can provide ourselves with, if we carry oat 
the task, carefally employing the most practical instm- 
ments, and most suitable mannie. The question then 
beoomes, what manures shoaldibe employed ? Stable- 
<[ung, natural compost manure, or artificial chemical 
maniues? The answer is, use all together aoas to achieve 
the best KeniltB. Stable-dung and. compost manure can 



always be used ybi do not safBcieoUy fulfil the olaimB ot 

a nutrient, and in tropical and sub- tropical regions such 
Egypt are not arailabie in eiitiicient ^ii&tititieB. In arti- 
fiotal mannreB it is poasible to have the three indiBpsnuble- 
j^nt nntriments in properly proportioned gnantitias 
according to one's ri^rjuirr^mf^ntn. The artificial manures 
oonBiBt of nitrogen, phoaphsrio aoidt potash and iaii:ed 
mannrea. With artificial manare and stable-dung mixed 
together, the agriculturist will be in a position to doable, 
the crop output he has hitherto obtained and, in time, 
Egyptian agriculturists will be ri^adiiy induced, for the 
Bake of snooesB to carry oat their work with more care 
and attention without the noted " malesh and bukrah" 
("never mind" and "to-morrow"), aud he who begins 
first will hold an advantage over his lazier neighbours. In 
a previous chapter it waa shown what mannring medinms 
a planter had at hie disposal in the country itself. The 
question now suggests itself whether the planter can 
supply the soil with its needed nntriments from these 
cited medinms so as to obtain a rich harvest on a par with 
those in other cane-growing countries. This ia clearly 
not the case. The average orop of 550 to 600 oantarsof 
cane per feddan (equals 22 tone per aore) and every 
Btatiattcal comparison with other tropical and snb-tropical 
ooantnee shows the difference and deterioratron in ligyp- 
tian results. Only from Itif view of momentary profit, is. 
the ground drained by oraps year after year withont 
proper replenishing. In countries when: unreHtEicted 
areas of groand are at one's disposal, and fresh Lracts of 
virgin soil can be placed under culture, abandoning that 
portion which has become unf ruitfnl, thin may be excnsed, 
bat in Egypt it ia oat of question owing to tha limited' 
strips of fertile sail, the high piices of land, and the dear- 
rents. 
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In order to Bstisff the high ooQdttions of Qatrizaent 
•demanded by so ambitious, rich, and rapid growing a 
plftat as the sogarcane, one must needs resort to »ttificial 
mannieB. No maa dreams of carrying on the mannfao- 
'tnce of Bugar with centary-old machines under present 
condiiiocB of competition, and, similarly, it is a prime 
neoessity for the planters to apply to the sugarcane the 
latest diacoTe.rie8 and methods of agcionltnral chemistry 
and technology. Agrimjltural Experiment Stations have 
for a long time past been working satisfactorily in Europe, 
America, and the East Indies ; and Java, that standard 
■ooontry for raw oaue-sagarj has pi-actieed for over 16 
years a scientific aystem of cane-growing, as have in part 
also the East Indies. Yeb, in general, the manuring of 
the sugarcane is still a little known and elucidated sphere 
■of work. The figures relating to the crops and the 
results of experimental work show that Egypt's celebrat- 
ed fertility is largely a thing of the past and yet, through 
careful methods of agcicnlture and by juoper application 
of suitable manures, the present deterioratioa of crop 
jfields can be euperseded by good and lasting results. The 
stated quantities of mineral matter are absorbed from the 
ground by the oanes in the course of a year and under the 
present conditions of agriculture are not returned to the 
soil. Evea the leaves which were hitherto burnt in the 
fields now go to the factory to he used as fuel. 

. It only remains to oonBider the three chief plant 
nutrimeabs — nitrogen, phosphoric acid and potash, and 
;poesibly lime. The remaining equally needful substances, 
■on which the success of the plant depends, ate generally 
present in the ground and in sufficient quantitiea and 
need not therefore be taken into account. The necessary 
-carbonic acid is obtainable in inexhaustible quantities 
from the air. Moisture, air and oxygen ue sapplied 



to the loil by pitoper tillage. The percentage o( linw 
present in Egyptian soils is mostly a good one. Yei 
the writer fouod on different occasions in the course 
of extenuTB experiment that very good remits follow 
from a nunnrjiig of lime. The latter ie not to be oon- 
ddered a manure, but it acts aa a medium, in that it 
osjdises non-reactionary Bubstances so as to make them 
assimilable. In the oase of so-called blaok earth and 
acid soils a trial of lime manure is to be recommended. 
Kitr(^ea, phosphoric acid and potash are not in general 
available in raffioiently eflHoaoions qnantitieB in the soil aa 
to allow the cane to achieve the best results and every 
pmdent planter will supplement them by the purchase 
of artifici^ io definite amounts. Of the many forms in 
which theae latter are placed on the market the writer 
considers the following the most suitable and profitable 
fox the cnltivaiion of cane on Egyptian soils : — 

For nitrogen ... Saltpetre. 

For phosphoric acid ... Thomas slog. 

For potaeh ... Potaasimn enlpbate. 

The nitrogen forms the motive power of the ground 
and etfecia a powerful formation of stem and leaf 
oiganiamB and thereby a better aeeimilation of the re- 
maining substances. The atmosphere in tha tropica 
yields, under favourable conditions, more nitrogen to 
the ground than in colder . regions. Its. partial aalf- 
foimation by means of the nitrogen-absorbing laga- 
minosae was mentioned when describing gtaen manures. 
Yet this does not suffice and, for supplementing it, 
saltpetre la more niitable than ammonium sulphate, 
owing to its direct action. With the existing conditi<BiB 
of irrigation it is likewise easier to work with the former 
without encountering any loss of avulable nitric acid. 
Hxperiments lum also proved Uiat aoltpetre yields modi 
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better and more peofitable oiop-reenlts th&n ammoninni 
nitnte, having regard to the cost of this latter niftourfi. 
The unmomum most first change inta nitric aoid and 
then put of it is eamlj lost thcoogh the wateiing. In 
Java, for ewnpte, only Bmioaaiam sulphate is employed, 
becaaaa, owing to the Bubseqaetit heavy raioa. the 
saltpetre woatd all be washed away. Thus the condi- 
tions are often difCerent. In Egypt one applies the 
saltpetre direct in smOjU quantitius aboat two days after 
watering when the soil is yet wet, aad one, two or three 
months after the planting, never later. In the interral 
of a fortnight, till the next watering, the plants have 
time to absorb fully all the saltpetre, and are thereby 
freshly invigorated for assimilating the re m a n i n g 
nntriments. It is merely a question of strengthaning- 
and Bnpporting the cane in its early development as 
regards the sugarcane formation o£ absorbing organs, 
BO that, by these and the absorbed nitrogen, the farther 
boilding of eells and more luxnrionB plant growth can 
take place. Again, organic manures, such as blood 
mixture, meat meal, bone-dust, as well as pressed re- 
mains of oleaginoQs fraits may be emplt^ed, owing to 
their nitrogenoas nature, but they are mostly unavailable 
in fiuffiaient qoantities, and are not cheap enoi^sh for 
great cultures. 

Phoephorio acid is almost invariably a neoessazy 
sapplement to the requisite substances (or the favoor- 
able dCTelopment of vRgRtation in Egypt. The employ- 
ment of nitrogen alone in the case of the sugarcane 
brings about an apparently Inzariant vegetation but a 
weak nnresisting cane stem. Which is laid low by th& 
firat Btorm and is in general of little value for manu- 
factaring pnrposes. On the other hand, if the supply 
of nitrogen is oombined wiUi that of phosgborio acid. 
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then one obtains a powerful, vigorous, rraisttng cfrne 
atem and a ripe Bugarcane for the factory. By the 
action of the phosphoric acid the degree of ripeness and 
the BUgftT oontents Are specially favourably inflnenoed. 
'How necessary it to constantly replenish the soil for 
the pfaosphonc acid drained from it, is shown by the 
following figures 

During one harvest there are absorbed from eaeh 
heotar of ground ; — 

Per heotar Kilos. Pec acre lb. 
phos, acid. phosphoc, acid. 

Wheat 34-5 to 50'5 30-7 to 45-0 

Clover 86-4 „ 52-0 32-4 „ 46-8 

-Cotton 60'3 „ 75 3 44 & ,. 671 

Sugarcane stems 71-(i „ 120'0 OS'S „ 106-9 

Sugarcane leaves GI U „ 103-2 54 9 „ 92-0 

Potash forms one of the most important mineral 
matters which are absorbed by the cane and, in spite of 
that, its application has been hitherto a little solved 
-qaestion as regai-ds its bearing on yields. The alluvial 
soil in Upper Egypt is not exactly poor in potash inas- 
much as it contains about 0' 5 tol'5 of EiO. As compared 
with this, the htigo annual amount of 1^5 Kg. of K3O, 
per heatar, is used up during each annual hacveBt, so 
that, sooner or later, scarcity of this food will ensue in 
the different cane-growing districts. As potash does 
. not act by itself bnt onl3' in combiuatioa with other 
BUbstances, it is mostly di£dcult to obtain information as 
to its action, eapeoially in the last few years, where nn- 
.flbTonzable weather conditions have prevailed, so that 
the cane did not fuUy mature. The sugar content 
-depends,. in the first place, on the climate. In the case of 
'Ihoee portions of laad treated with potash iBcreaaed 
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qiuntitiH of the Bam« mineral wan taanA on analysis ia 
the labseqaent cane, a proof that the pjtash ia ^jmilo- 
ble hj the cane. It ie to be natioed in evBty case that, 
when folly manniing with nitroges and phosphorio aoid 

togetber, the corresponding [ipp1ica,yaa of potaeb has 
a particularly favourable result on the mgac content. 
In the case of cotton onltivation in the Delta, where the 
ground ia of a similar constitution aa that in Upper 
Sgypt, manuring with phosphate of potaseium has had 
pronounced resalts on the quality and (quantity of the 
harveBt. Sooner or later there will be a potash famine 
in Egypt, and it is therefore important to bear in mlndi 
BO as to protect this commodity from complete eshane- 
tion. Ab potaah mannree for cane one mnst avoid chlo- 
rate prodncta ; sulphate of potash is the bust form to 
employ where a substitute is required. In the other 
cane-growing lands, for example, Barbadoes — good resalts 
have followed a manuring with potash, and Professor d' 
Albuqaerque considers the presence, of potash useful to 
complete the manuring. He reeomiuenda the following : — 

f^itmgen. For first year cane por second year cane 
pet aore lb. per acre lb. 

Two-thicdB ^'^,2S0, I 
One-third NaNO^ ' 

FhoBphozic acid 
(For soil lioh ia lime) 
Ruperphoaphate 40 to i 5 80 



(For Boil poor in lime) I 
BaaicBlag ) 
Potash 40 * SO 

. The amonnts to be applied of these three chief 
aatriments and in what proportion so as to obtain the 
best nsnlts, depend in Egypt, ae well on the local oondi- 
'87 
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tioni. Here «rai the groimd vcuim. One hu to du- 

tinguiah between block and yeilow Boila and natandly 
ftUo the gradiitions of the Bame. The climate Ukewiu 
nnes in the long stretches of Umd from Oairo to Auiat. 
The prelimuujy crops aud their totatioQ require ae well 
to be contidered. All this will be curcfiilly weighed by 
ft ^Iful agrioulturist aocordmg to hie experience, when 
disoiuaing the qoeBtion of mananng, withoat here going 
into details. 

From experimentE undertaken by the writer, and his 
obBervfttions duriag the last five yetucs, he oaa reoommend 
in general, the following manarea for Egypt : In the 
first place nitrogen in combination with phoaphoric aoid 

has to be considered. The practical working of potash 
reqaires farther elucidation than ha.s hitherto been the 
case. The potash is poesihiy not everywhere of equal 
necessity. The amoonts would be as follows : — 

A. For the first year' 

«ane. 

Baltpetre ... 75 186 

Thomas phosphate ... 200 500 
Sulphate of potash ... 60 126 

B. For the 2nd year 

cane. ) 
Saltpetre ... 75 to 100 186 to 260 

The Thomas phosphate and potash mnet be disfri- 
bnted over the surface of the Helde on the oocasion of the 
final ploughing and in calm weather. Moceorer, we mix 
these manoree with an equal volume of dry earth for 
better spreading. 

Saltpetre is given m two applications as a top drese- 
ing 1 to 1^ aud 2^ to 3 months after planting. In the 
usual case of planting in February, the end of March and 
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the middle of May would be the periods. Bat for on 
early planting the first dose can be giTen at the end of 
Jaauary oi begianing of l^'ebcoary . The ealtpeire abould 
be diatcibated inuaadiately after a watering of the plant 
rows, within a day or two of the irrigation water h&ving 
settled down on the Burface. It hihould be mixed with 
an equal volume of dry sandy soil. la thia oocnectionit 
must be obaerved that the potash Bhoald not be thrown 
on the young leaves, but laid on with the hand." 

It is interesting to compare field esperimentf? made 
in different parte of the world and tu see the action of 
numnres nnder varying clirdateB, in soils bearing little 
resemblance to each other. Wherever these are carried 
out, one point stands out clearly, viz., that eugaroane 
thrives invariably and gives the best return when treated 
with complete and well-balanced fertilizerB. 

We extract a few remarkably telling resolts from 
Tiemaon-B experiments with concentrated fertiliaers: — 

Whilst umnanured c ii.tings give 

a return of 54,669 lbs. per acre, 
and 66,062 „ 
180 Iba. of Chili saltpetre produced 67,145 „ „ 
The addition of 1«0 lbs. aulphafce 

ofpotaeb ... 71,26^ „ „ 

The above plus 860 lbs. 8aper- 

phosphate . . , 75,478 „ „ 

the highest amount in the liwt of '2(3 experiments with 
various manures. Thc^ nearest approach to this high 
tlgaie is to be foand in experiment plot 18, where tha 
fertilizers used were : — * 

360 lbs. superphosphate, 
360 ,, sulphateoE ammonia, and 
2,100 „ lime. 
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The a-bsenoe of the potash in this manure is painfully 
ftppwentin the results, the total harvest being 71,483 lbs. 
Aoother remarkaFble result is shown in the use of ChiH 
saltpetre, 180 lbs., th« svanAge weight per cane B%em 
"being the highest, but the outturn of aii^ac per acre 
-WM fifth ia the list. No. 6, however, where a complete 
manoze was used, though ahowing oases with an nrerage 
-weight 25tb in th« list, gave th« 2nd highest retarn of 
aogarperaore. With the use of 180 lbs. saltpetre on plots 
10 and 11, the outturn uE oane was 39,861 lbs., with .'460 
Ibfl., the outturn rose to 49,135 lbs., but the percentage 
of sugar in cane fell from 14"i3 to 13-9 jier cent. In the 
aeries of experiments in J,899 one stands out sopmtninently 
above the rest that it remains a mystery why similar trials 
were not continued. Ot 88 experiment carried out in that 
year there waa one plot No. '2. fertilized with stable ma- 
nure and boue-dust, the ifcturu from which was 60,913 lbs. 
of cane per acre, the nearest approach to it being plot 4 
fertilized with ISO lbs. sulphate of ammonia (3 nodes) 
7S,084 lbs. the third, 72,170 lbs. being plot 19,in which 
every row was manured with : — 

50 Ibe. sulphate of potash, 
50 basic slag, and 
95 „ chili saltpetre. 

Plot 6 also stood -2nd in the list of percentage of 
sugar in cane, having 11 D againfitl4'91% whose ontinm 
per aoie wasonly 66,739 lbs., the resnlt of manuring with 
160 lbs. of sulphate of ommoDia. 

We see olearly by an examination of the various 
■experiments conducted in tigypt that a well-balanced 
manure ccmtaining nitrogen, phosporic acid and potash, 
uiTaiiablf gives ^ best results and strengthens the 
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noQolnsioDB arrived a.t hy aa examination of the expert- 
menti condnoted in Java. 

Bat more iatecesting to the nabives of India will be 
the esperimeatB oarried out in the country with concen- 
trated fertilizers. The decided difierenoe between cane 
grown with the ordinary manncingt nenal in the coantry, 

and 3uch as was mannrorl wiUi roncentrated fertilizere, 
is so striJiing that the mere viewe of the fields speak for 
theinselveB Unfortnnatelj complete reealts were not 
obtainable. 

Report No. 34, October Ist. 1904 :— 

The experimenter writes as follows : — '* I have 
applied to half an acre o£ wet land the fertilizer received 
from you in May last together with the asnal cattle 
maiiore in plot 1. I was later hy some 15 da-ys than my 
neighboncs in planting the billets. The plant is now 4J 
months old and ia doing remarkably well, there being a 
marked difference between this and other neighbonring 
plantations. Alth^>ugh the yielding has bean hindered 
owing to the scitrcity of rain and too much windstorm, I 
am happy to say the plants are fattening, with dark-green 
colour a.nd 0*06-" bumpering. I shall be able to give you 
the exact oattarn of the yield in March next, wh6n I 
asaurt: you many landholders who are watching the results 
of nuUivatiou will come forward to manure their lands 
with yonr excellent fertilizers." The manure waa made 
up of 16 awts. gronndnnt cake, well ground, 1} owt. bone- 
meal, and 2 cwtg. sulphate of potash, Uioronghly mixed. 

Another experimenter writes, under date July 10th, 
1905 ; — " I received your letter asking me to inform yon 
of the aotnal outturn of sugar from my experiment, but 
I am sorry to say that I did not weigh my sugarcane. 
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Uy eatim ate for the half acre under experiment is 120 
mftiinds. But other iielde not manured with artificial 
ieitiiiiters yielded only about 96 maundB. Iq thia connec- 
tion I ought further to inform you that the oone in the 
ezperimental field is a little aEfected by not watering im 
regular intenrala. On this account a white pith-like 
portion was found in the middle of the cane, so I oanuot 
state the real benefit derived by the nse of this uuumie. 
Still I raaj Ba.y that it is an important benefit and it is a 
great boon to the miyate." 

In a land where nothing is known by the ordiniTy 
farmer concerning soil analyseB, experiments with in- 
complete mannres can be productive of little good. It 
was only in the year 1905-06, that the anthorities of the 
Bombay Department of Agriculture decided to nae other 
plant-^ood ingredients besidee nitrogen. 

The minimum nitrogen per acrs was set down aa 360 
lb. This was determined, like the former 400 and 500 
lb. by experiments with nitrogenoua mannres alone. 

To these were added phosphatic and potaasio manures, 
at the instance, if we are not mistaken, of the Agent of 
the German Potash Syndicate, 

With 150 lb. potash added to the nitrogen the crop 
yielded 11,453 lb. of gal. 

It was only when a complete manure was used that 
the return was most satisfactory, 18,044 ib. of gul being 
then obtained with 17'2 per cent, ot gul to juice, and 
1S*4 of juice to sane. 

The following table extracted from the report of 
Mr. J. B. Knight, M. Sc., Professor of Agriculture, Poona, 
shows clearly the excellent results obtained from artifici- 
al fertilizers in a district where heavy mannring is ordin- 
arily resorted to with good cattle manure :— 
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It will be noticed th&t immeiue qauitities of nitrogen 
Rie OBed in the various nitrogenous manurea employed. 
The exact amoant applied has been arrived at by experi- 
ments conducted ander Mr. Molliaon, whose energies 
were devoted to the eluaidatioQ of thfs queetioa. Bat in 
dealing with it he was natisflnd evidently that nitrates 
and nitrites were all thab was needed. The law of 
mUmna was totally negleated. Potash and phoaphorio 
acid in oonjnnotion with nitrogen were apparently not 
thought of. By the application of such large quivutities 
of nitrogen there is no doubt that a great deal is lost in 
the drainage. What nourishes the plant most do bo 
only when there is a sufficiency of phosphoric acid and 
potash, and unless these are placed in the soil in the 
necessary proportions the land most necea8a.rily be 
denuded of thetn. Tet in the Beport of the Manjri Farm 
for the year 1908-09, we find a return to the old story of 
combinations of various nitrogenous manures, with this 
difference that the cost is no longer considered and 
not one of the six experimental plots in this aeries 
shows a profit. In i905-0li, notwithstanding the great 
cost of the maaures, ranging from Be. 90 in the case 
of farmyard manure to "Ra. 344, in the case of the 
^complete fertiliser, the nitrate of soda of whioh alone 
cost Rs. 300, the profits ranged from Bs. 116 to 484. 
In this year's esperimenle, whme uo saperpiiosphate is 
need, though the cost of inanuns is only Bs. 118, the 
loss totals Re. 129. The use of euperphoephate, in a com- 
plete fertilizer raises the cost of the manure by only Ba. 5, 
\mt the difference in the results amounts to Bs. 178, show- 
ing a small net profit of Be. 49. SafBower oake was 
used in all these experiments in addition to farmyard 
manure, and 330 lb. of nitrogen still remains the 
mimmnm. 
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Undar the rotation experimenta appouing in the re- 
port for 1909-10 it seems plain that nitrogenons mftoar- 
ing alone is to ba continued. The treatment pet acre 
was 45,100 lb. of fncmyard mannre at planting, and ^6BB 
lb. of eafflowei cake, the valut' in each cast; being Bs. 169- 
The profits rauge from Rb. 26S to 317- Kvery expen- 
ment, whether with nitrogenouB manures alone, with 
nitrogen and phosphoric acid, or with the above and an 
addition of potash, appears to have paid and paid well, the 
complete inanui'e congiating of 39,600 lb. of farmyard 
nurnnre, 2,127 lb. of safHower cake, SO.^ lb. sulphate of 
potash, and 089 lb. Buperphosphate, giving the highest 
retnm of gnl and the highest net profit. 

At last there appears a chance of seeing the heavy 
manoring with nitrogen reduced. On three plots 
fertilized with 250, 800, and HSQ lb. of nitrogen per 
acre respectively, we find the profit on the 2-50 lb. 
plot only Bs. 5 leas than that of the 350 !b. plot, and 
Re. 35 less than the ;^00 lb. plot. Unfortxmately there 
were no check pi or the eXLperiment would have been 
more interesting and likely to lead to more oonclnaive 
deductions. It is a pity that in all these experiments 
to determine the smallest quantity of nitrogen that 
will reaolt in the beet crop, the simple method of using 
complete fertilizers is scarcely evev resorted to — in fact, 
seems to be carefully avoidod iis if the experimenter 
were afraid of bumping against the eolntion of the 
problem. 

From experiments in Java we find far smaller qnan- 
tities of nitrogen in nitrate of suda and snlphate of 
ammonia used, but what strikeff one thronghont these 
experiments is the very small increase in the weight of 
the oaneB with the increase of the nitrogenoiu mauon 
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beyond a oertain point and the decided falling off in 
aogai in many instanoes. 

In {693 a,t the Experiinectal Statioa, Eetegan, 
Mr. B. J. Bouriotiu tabulates results a.a followB : — 

Fro hectar. 
Weight of canes. Sugar. 
Unmannred 81,374 Eg. 10,429 Kg. 

Snlphateofammonia 176-5 Kg.91,817 „ 12.684 „ 
Do. do. 36S 0 „ 117,056 ,, 13,098 „ 
Do. do. 539-S „ 120,.'>38 „ 13,098 „ 

It will be Qotiued that an increase of 176 5 Kg. of 
Btilphate of ammonia, used albne, thongh it resalted in 
aboQt 3,000 Kg. more of cane, prodneed no more aogar. 

From Mf. Pohdjedjer's Sugar Factory we have 
results still more proaoaneed : — 

Pro hectar. 
Weight of canes. Bugar. 
tJnmannrad 73,641 Kg. 8.834 

Sulphate of ammonia 170 Kg. 90,041 ,. 11,001 Kg. 

Do. do. 35;^ „ 11-2,879 „ 13,968 „ 

Do. do. 529 „ 99,824 13,811 ,. 

It is juat as evident in the report oi Mr. Ktoerahan's 
Sugaii Factory ; — 

Unmanured 106,091 Kg. 9,080 Kg. 

Sulphate of ammonia 176 Kg. 117380 „ 10,069 „ 

Do. do. 3.53 „ 119,841 „ 9.62(1 „ 

Do. do, .629 „ 120,190 „ 9,469 „ 

In the Manjri experiments, even if such qnantitiee of 
nitrogen were continued, it is a pity that in the combina- 
tiona with phosphoric acid and potash, oil cakes were not 
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till now tried as the nitrogen supplying mateml. Thii 

would luTO reduced the item under " oultivatton " con- 

ndanbly and iacreased the net profit to a very great 

extent. We are pleased to find their benefits bsTe been 

shown in the 1909-10 Beport. 

■ 

At the same time we do not consider the amoant ol 

nitrogen fixed as the best paylnf^ quantity as correct, for, 
it is (ac in excess of the needs uf the plant, and would 
suggest that varying amonnte of nitrogen, ranging from 
100 to 250 lbs. should be tried in future, notalonCi but in 
combination with phosphatio B,nd potassio manures. 

In the learned and interesting work of Piofessor 
Dr. H. WiUacth in conjunction with Dr. H. Boemer and 
Dr. Ot. Wimmer on " The Assimilation of Foods by 
Plants at Different PeriodB of their Growth," we find 
reports of the most carefully conducted pot and plot ex- 
peiimentg and the conclusions dE&wn from them. 
Speaking of potash and its effects on plant-life, the 
authors say : — " With the want of potash the production 
of carbohydrateb invariably falls and the fall is greater, 
the greater tiie deficiency in potash ; " and a little later: — 
*' It is known that th<j carbohydrates made in the usimila* 
tion process are used only partly in building up the plants, 
that to agi-eat extent they are decompoaed bylbenecessuy 
exhalation and are thus lost to the plant. Is it not 
possible that inoiganio parts meet with a similac 
fate? Is it not also possible that a ]iart of this stuff, 
even when it is not directly used for the building up of 
the plant, may be aeoesaary for its life and growth, and 
ftn^y, when the plant has fulfilled all its functions, 
may become superfluous, just* as the animal organism 
does not by any means use all the mateiials it con- 
Bomea?" 
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In all parta of the plant the quantily of nitrogen 
leswDB towards the end of the perictd of vegetation 
except in the groin in which the reBerve siofT cetuains. 
The same ocenn with leferenoe to potaah. This cannot 
be doe to the decayed leaves, for a loss of of potash 
wotiH mean 40 cwt. per a.ote and as this is oat of the 
queetion, the ooly ooncluaion we can come to ia that in the 
oase of batley, fox inatanoe, aa in the other experimente 
under record, the potash taken up hy the plant ia not fised 
in the form of an insoluble organic substance, but in a 
manner in Ttrhioh it oan move abont, going throngh a 
phyaiologioal prooesa within the plant and, having per- 
formed its functions, returning to the soil through the 
roots as the pla,nt nears its death. 

Nitrogen, phoephoric acid and soda, are not of so 
much importance in the building of carbohydrates ; for 
even when there is a great deficiency in nitrogen we 
find the contents in starch and sugar very high, and 
even where the de6ciency in phosphoric acid ia decided 
theloBSof Btatohandaugai' is very amalt. Potash plays 
the oheif role in the origin of the latter, for, as soon as 
this is wanting, the formiition o£ carbohydrates falls 
with the failure of potash. Conaequently every plant 
tequirsB a certain quantity of potash to produce a 
maximum of oarbohydratea. 

When nitrogen and phosphoric acid are deficient 
the wei<rht of the harvput m lessened, but the quality of 
the plants especially the fniits and tubers, and the re- 
lation of the various parts of the plant to one another 
are little changed, and if the deficiency in nitrogen is 
not too great, the quality appears to be even better' 
When, however, there is a deficiency of potash, profound 
changes occur and relation of the single parts to 



one another alters iu a way verj' dilTerant from that 

evident in the case of a deficiency in nitrogen and pboa- 
photic acid: iha exterior form of the plant suSers 
decided changes, and the bnilding of oarbohydraien 
lasaens with the iucreasing deficiency in potash. It is 
noticeable, from these experiments, that, when the 
allowance ot potash wan the Binallest, the greatest 
amonnt of potash, viz., 40X> of that taken np by the plant, 
returned to ihc ^oil, whil^li when the greatest amoant 
o£ pota«h was placed at the disposition o£ the plant, the 
retnrn to the soil was the smallest, viz., 16,^. It moat 
be of the greatest importance in the qnestion of manaring 
to judge the rij^ht quantity of pota<sh that shonld be 
placed at the disposition of the plant." 

What is most striking in theae experiments, made 
by the most learned and painstaking scientists in 
(rermany, is the near relation fonnd between the return 
of nitr<^en and potash to the soii and the dependence 
of the increase in the return of nitiogen on the deficiency 
of the potash onpplied. We have seen before that there 
is a loss of nitrogen ud the plaut neard its maturity. It 
is clearly brought out in the book under leference that 
the contents in nitrogen at the harvest are higher with 
the ineieased apptioatioa of potash. With the lowut 
application of potash the Loss of nitrogen was 27%; with 
the largest, the loss had muk to 10'',',. This agreement 
in the action of potash and oitrogen is worthy of 
attention. In conclosion, the authors remark : — " In all 
similar field experiments iuH.de by other authors similar 
resnlts have been obtained. " 

It is to be hoped that es^eriments on similar lines 
wiU be begun, directed from Pusa, at the Manjri form, 
Poona. 
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In the sagar-grotriug disbrict of Foonn it may 
help to settle the question of the requisite amount of 
sitrogeD to be used per: acre when a suihciency of pot&Bh 
it anilable. 

Experimenta on Mr. Morrison'B plantation in Hawaii 
in 189fi may serve as a ttasis for futare triaje in Poona. 

Manure per hectar. Su^ar per hectar. 

i: Unmannred 10,040 to 11,205 Kg. 

2. 16,060 Kg. larmyui'd 15,OiiO l^g. 
9. 7,fti}0 do. 

1,255 artificial manures 
OOOtaioiog 10% phosphoric acid. 
5% nitrogen. 

6% potash 16,315 to 17,570. 
4. 1,255 Kg. artificial manure an above 

without farmyard manure 15,060. 

Oi the various pests that harm the sugarcane, 
the most destructive is the borer moth. Watt in the 
*' Dictionary of "Heonomio Pro^ncts in India " eeeme 
to have touched the spot, when he remarks : — " Variouu 
authors allude to insect peats as following mostly on 
the track of defective oultivation and ab often doing 
BeriooB damage." 

Perhaps, the greatest fault committed ia the con- 
tinoons cultivation o( the same orop y«ar after yoat in 
the same holding, Babn -Tayki^sen Miika-rji says that in 
places where the Mauritius red canes were planted 
eorUest, viz., about 20 years ago (Joortial Agri-Hort. Soc, 
IX, 355 — B5B) the disease appeared slightly about two 
years ago. Last year the decay increased and this year 
tot^ destraction has taken place. Where this cane has 
been introdnoed only lately or 10 or 15 years a>ro, though 
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they tk&ve Eomswhat suffered this year from excess of 
rains, yet they arp, free from the disease. In tbe lands of 
tbe Biirdwaa Districts bordering od the Hughli asimilar 
result bas taken place. 

The diaeBse and its oalainitoaB effeota have bean 

repeatedly -witnpo.qcd in India and are known in Java and 
some of the British Ooloniee. The canes become attack- 
ed by a worm, and, when in that state, emit bo offenaiye 
a smelt that the fields cannot be approached. - 

It is admitted by all sugarcane planters that con- 
tinued propagation from cuttings grown year after year 
in the same soil results in a -serious degener&tion. This 
same fact is fnlly appreciated by the native cultivators of 
India and the danger of too continuous a oaltivation of 
aoiy pai-ticuiar form is quite understood. 

Hitherto the necessity of rotation has been pat 
down to the question o£ food- sup plies oE which the same 
crop deprived the soil; but, from the eicpMience of beet 
growers in Ger-^any, where scientific agricultuve is at its 
highest, we find that manuring alone will not suffice, but 
that rotation or fallow must be resorted to, or failars of 
(he crop is bound to follow. The same is seen in what 
English Agriculturists term clover sickness. The ques- 
tion of a falhn^ in results from nioharda overran with 
grass is yet a puzzle to the British Association. Yet 
all may possibly and vory probably be explained by what 
Jaeger has tried to prove, a theory that wril soon be an 
axiom in agriculture, viz., that the exudations or excreta 
from the roots of the plant, when overconoentrated, 
cause sickness and death just the uverconcentrated 
effluvia from animals act upon their health- In the case 
of men it is recognised as the alphabet of hygienic science 
and it will soon be recognised as an axiom in agrietdtanl 
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hygiene also. . A care will probably be the very retaedj 
need when dealing with human a.nd animal esoreta. 

If rotation cannot hf". veaoited to, other meuiB may 
be easil; obtaioEid to uornbat the dieeaae. It is now 
pretiy generally admitted that peels though they may. oo- 
casioQ di«e.).se, are themaelves attracted to pUnts alrcudy 
BuHenng and Mr. O'Beilly writing to the Agn-Horti- 
oultoral Society all bat points to the oare : — " I find he 
says, that by placing a good layer of common charcoal 
from the furnices under all materials of wood subjected 
to the ravages oC wbittt aats tlioy are well preserved and 
in no oaee have I discovered any damage when this 
precaution has been taken." 

This iiiitural deodoriser will prove a remedy a;>ainst 
the disease to which cane is subject, when grown con- 
stantly on the same land, provided a safHcient Hupply of 
well-balanced fertilizers are uaisd, and I have no doubt the 
samii' remedy will serve asainst the potato blight, clover 
eickneas, and similar diseases that ariae when rotation is 
not or cannot be effected. 

On thiti subject I propose writing at greater length 
on some futare occasion. It may seem n. remedy as cheap 
and ridiculous as the theory iti!ietf appeaiii, but no true 
Boientist merely laughs at a theory when nothing else has 
yet explained a difficulty, and it is to be hoped that experi- 
menta to prove this will he undertaken, eapeoially in 
India where the peasants can so ill aSord to let good land 
adjoimng theii viUageB lie fallow. 

Green mannring may also be tried with profit. 
According to Mr. Wray (vide Watt's Dictionary ot 
Economic Products) the Chinese planters in the Rtmits 
often obtain excellent crops from a soil so sandy and 
otherwise nnfevtile that no European planter would tot 
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a momeot think of planting canes in such Uui&. Thia 
result ia obtained b; placing the stems and leaVes freah 
from the indigo vats over the roots of the cane and then 
moalding over them. 

But the native facmei it a pei-fect judge of legominoaae 
and probably uaderetands more of the likes and dislikes 
of plants than any of hie European brethren. It is not 
only as a manure th^se are recommended bat to aaoer- 
tain which of them will serve ae a deodoriser to the soi\ 
and which prove moEt agreeable to the sugarcane. Be- 
sides this, mote attention should be paid to oommeioial 
fertilisers to sopplement or take the place of nainnd 
manures. 

Woodrow, speaking of the soil of Foona, says it 
contains very little of the silica in combination with 
potash of soda and lime, in the form known as soluble 
sihcateg, without which sugar cannot grow, and he 
suggests the use of ten loads an acre of wood-ash and to 
BOW and plough in a green crop. If to this were added 
Mr, Ozanne's recommendation that the bonea now ex- 
ported to Europe should be crushed and nsed in the cone 
fields, a perfect manure could be made np. But super- 
phosphate, or for Hindus, who object to use the bones of 
animals, Basic Blag might supply the phosphoric acid, 
and in place of ao many onrtloada of ashes, which cannot 
be' readily obtained, a bag of sulphate of potash would 
snfKoe. Instead of wasting their energies on the accliroa- 
tization of exotics as appears to be the case whenever the 
Agiicultural Department wished to make an improre- 
nient, it would be infinitely better if a serions attempt 
were made to improve the indigents nopsot thecountiy 
by the applioaticHi ot oommeroial fertilizers — a thing done 
by erery Experiment Station in the oivilised world be- 
yond the borders of India. 
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I shall coDolude in the words at Oeorge Watt, M.B., 
CM,, C. I. E., Reporter of Economic Products with 
the Crovemmeat of India, Officer D'Academie, Fellow 
of ihe Linnaean Bocioty, etc. : — " It aeemi to be the 
prevailing evil tendency of agricultural zefozmerB to 
look to cnuntrioB oatsidc India for new ecODOmio 
products or euperiui; races ot exietiag crops. A state of 
indebtedness in these matters nmat neoessajrily mean 
the absence of th« vitality essential to progression. 
Witness the load laid by its pioneais on the tea indtiBtty 
thioogh the imptotation of the Chinese plant. It was not 
until the so-called indigenoas tea was taken in hand and 
the Chinese stock largely externamated that tea-planting 
gave indications of success. Witness also the extravagant 
waste of money in the attempt to bring back to India the 
Carolina development of rice. The improvement by insidi- 
ous adaptetion of the indigenous stock may be less rapid 
(and hence by no means so attractive to the individual 
reformer) than the importation of a perfect race, bat 
the result is more certain and the accomplishments, how- 
ever slight, are permanent and direct gains. The failure 
of the past attempts at establishing in this oonntry, sugar- 
cane plantations, at a time when India .might (at least 
along the more direct routes of export) have bad reason- 
able expectations of suooesB, may, to a laige extent, be 
attributed to the chief effort having been directed 
towards the vain pursuit of methods hy which, to 
perpetuate, under the vastly different conditions of India, 
the Hpedal peculiarities of certain races of cane which 
had been brought to their perfection in the West India 
lalands. The idea of using the Indian forms of cane 
was only embraced when the industry was on the eve of 
expirati(»i, or, at all events, when it had wasted fiuit- 
leaely its best opportnnify." 



TOBACCO. 



QUALITY, SOIL AND MANUBBS BEQUIRED. 

In treating of tobacco it ie not sufficient to zestriet 
one's self to the qaestion of manoring, for bo moofa de- 

pen-Ss upon the soil in producing tobaccoa of different 
market ^oes, and thf> pric«4 rests still more on the treat- 
ment of the leaf after the harvesting. The analyais 



shows in a thousand parts : - 

Watv 180 Magnesia 17'? 

Ash 151 Phosphoric kcid iS 

Potash 30-3 Sulphuric Acid 6-8 

Soda 5-1 ailioic Acid 18-6 

According to the analysis of the ash of the Havanna 
Cigar by A. Percy Smith (Chemical News, XXVin 261, 
324), it contair.R- — 

Potassiom Sulphate 7-401 

Carbonate 9-012 

Sodium Sulphate 5'764 

„ Chloride 3-273 

„ Carbonate 1*039 

Calcium Bulphn,te 4*180 
Carbonate 45-400 

Ferric Oxide dad Piiospiioric Acid 0*460 
Caldum & If agnesium Fhosphabea 9*210 

Sihoa 9*641 

Charcoal ^ 3'162 

Aluminium Lithium Carbonate 1459 



In Ml'. Johnson's " How crops can grow," p, 378, 
we have the avecnge of alt trustworthy analyses oi the ash 
. 28 
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constitneiits of tobacco, published np to 186S. Avenge 
peroeotage ot ash 34*08 consisting of 

Potasb 27-4 Soda 37 

iime 87-0 Magnesia JO'S 

Phoaphocio Acid 8'6 Chlorine 4'fi 

SnlphnriB Acid 8 0 Silica 9'6 

WbeA, with this, we compare the ^loor quality of good 
Indian tohaco'> j^'-nwn nt Bntdana, the analysis points to 
the abstiuce of the necessary ctirbunate of potaab and the 
Bupecabnndance of chlorides so common throughout the 
conntrj^. 

l)r. Lyon analysed it tbua : — 

Potasb 1-73 

Chioride of Potassium 15'82 

Oxide of Iron and Alurainiam 13"31 

Iiime 30' 65 

Carbonic Acid 2'08 

Magnesia 5'B9 

Halphnric Acid 3'68 

Silica '20-84 

Phosphoric Acid traces 

100 00 

Percentage of ash 21'28 

But at the whole ^tlant reqairns food, llni ntalks and 
mid-tibs, wbiob may possibly be, but are not always 
zetnrned to the soil, should also enter into the onalyBiB. 

According to Professor Stockbridge, tbe average 
Plorida plant shows : — 

Nitrogen 2*58, Phosphoric Add 0*99, Potash 4-84. 
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Dr. Jenkins calculuited iihat an avenge Connectiont 
crop removed from ths soil :« 

Nitrogen 100 iba., Pbosphot:ic Acid 16 IbB., Hid 
PoCaeh 150 lbs. Two of the subBtanoe& standing out' 
prominently in -the analyeefi are lime and potaeh, and we 
find that the best produoers of tobacco invariably supplj' 
potash in large quantities, since tha plant demande a 
greater amount of this food than most other crops. Lima 
is Beldom added to Indian soils without doing harm, bat 
potash is often wanting, especially where tobacco is grown 
in thia coontry, and potaah fs of the greatest impoetanoe 
for the tobacco crop, not merely for the quantity bat 
more eapecially for the qnali t; . From the analysis we see 
that the mineral matter taken from the aoi! by the tobac- 
co plant amounts to about a qoarter of the weight of the 
dry leaf. The greater part of the ash consists of ins<da- 
bie salts, principally carbonate of lime, and the soluble 
part, [atgeiy of potash salts, which may amount to from 
5 to 35 per ce.ii.. 

Cultivation experiments show that chloride of 
potassium used as a mannrt; does not) add to the organic 
potash saltB in the leaves, but the sulphate, carbonate 
and nitrate do give up their potash for the formation of 
cranio ealts. It was Schlossing, who, in 1860, showed 
that the good burning qualities of a tobacco depend upon 
the potash it contains in combination with a Tegetable 
acid. The analyses since made go to prove the truth of 
this, and that it is thu carbonate of potash, which is the 
chief constituent effecting comtuistibility and certainly 
improving its flavour. 

The whiteness of the ash is due also to the salts of 
sodium as well as to tlu»e of potaaaiam, as they eaoM 
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the fibres to tear "while burning and thas indnoe com- 
plete oombiution. 

I£ iobacoo bum badly and with a dark ash, we may 

be sure that the soil was deficient in carbonate of potash. 
Such soils will never grow good tobacco. Not only 
moat potash be in the soil, either natarally or by manarea, 
bat it mast be present in an easily available state and in 
ample quantities, as tobacco is an exhanstive crop and re- 
quiies a rapid and abundant aapply of it» aah constituents, 
and of ammonia. Bepovting, in 1871, on exotios experi- 
mented with itt India, Di-. Forbes Watson says, of the 
crops obtained fron< Hhiraz and Havansa seeds in the 
Bombay Presidency, tha,t the tobacco piaats grown from 
different seeds on the same soil wiU possess sabstantially 
an identical composition as regards their mineia-l consti- 
tuentB. "I should next draw attention," he cciutinuea, 
" to the relativeiy largo ajnount of chlorides in the tobat'-co. 
It is possible that this is due to the presence of ohlorideB 
in the manure, etc. used. If so, it afforda a proof of the 
faciUty with which the tobacco plant alters its mineral 
constitafintB according to the nature of the soluble 
nutters present in the soil on which it is grown, and 
showing ite susceptibility to trp.atnient, holds ont hopes 
of our being able to improvethe mineral constituents of 
the plant in any desired direction by properly apportion- 
ing the soloblti matters of the mannrps employed. It 
would be worth while, I think, to conduct a few experi- 
ments, something in this way. Samples of the same 
variety of tobacco might be grown on the same soil ander 
the influence of different manures, subjected to the same 
process of curing and then submitted to analysis. This 
appears to me a likely method of improving the quality 
oi the tobacco. The euring process might also be varied 
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with a view of ftscertnining the effect of alterationB in it 

on the peFcentage of nicotine." 

Th« Ieav6e when well dried ohoald contun a ' mini- 
niTiiD of 5 per cent of potash. 

So long ago as the year 1^67, Professor Nes&ler was 

oonvinoed that the manure used had much to do with the 

qnality of the leaves »8 well aa with the qnantity. By 

oarefnl trials he found that the duration of the glow 

continned with the increase of the potash in the leaf, 

and diminiflhed when the percentage of chlorine waa 

great. Of couree these, though important factors, are 

not the only causes that affect the combostibility of the 

leaf. He records the following experiments : — 

PetMUtogeot FsNentaigeaf Ofalorina. Durition of glow in Moonda. 
PoUah. 

4-0 0-40 35 and over 

3-6 0-22 from 13 to 24 

2-8 0-67 „ 8 to 10 

2-2 0-73 „ 4 to 7 

The question was taken up in IBdl by the German 
AgrioaUnral Society, the Potash Syndicate, and the 
Uannheim Tobacco Combine, m well as by varioos 
Gf'ermaD Siatea, and expenments begun on the Darms- 
tadt Kxperimentiil Station, both in pots and in the 
field. The resalts showed that plants receiving very 
little or DO potash an ■mi.niiri.i Hlinwi'.ci only from '51 to 
'70 in the leaves, that such as were over hberally 
supplied with potash, contained as muohaa6'15 percent 
potoeh oalenlated on the dry sabstance, bat (he largest 
yield waa obtained from a. mani^riug that prodaoed only 
2-3 per cent potash in the leaf. 

The average of the very great number of experi- 
ments with reference to the doiation of glow of th« 
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fermented leaves made by Warner, confirm the dsoisionB 
preriooslf wmved at, that the duration increases with 
the inoraaae of the percentage of potash in the leaves. 
Had the amoont of ohlorine been also taken into 
oonBtderation in these experiments, many ftpparent 
diactepanciaB would probably have been explained. 
T^B, however, is dearly brought oat in the experiinenta 
ontheoombnstibility made with nineteen samples, which 
were sent for examination by the United Lankat Planta- 
tions Company, London, These prove clearly thestate- 
ment of Wagner that "ae a rale, tAxa tobaoco leaves qiust 
contain at the "very least 5 per cent, and if possible, 6 
per cent potash, and not more than 0'6 per cent 
ohlorine, calculated on the dry matter, if the fundament- 
al conditions of a perfect 'burn' are to be folSUed." 

Frofessor Wagaer, in hie e^edments on the bam- 
ing qnalit; of tobacco, brings out clearly the increase of 
burning power with the increase of potash in the leaf- 
A.n interesting table from his woi'k follows 

Dry substance 
No. of seconds contents in 
Experiments, the tobacco burned, potash, chlor. 



1 


3-4 


S-5 


8-0 


2 


8-4 


3-6 


2-0 


3 


4 


40 


8-2 


4 


8 


2-6 


0-4 


6 


10 


4-4 


1-0 


6 


29 


6-S 


0-8 


7 


29 


7-6 


0-4 


8 


60 


6-3 


0-7 


9 


60 


6-6 


1-2 



Tobacco is oae of the most profitable crops grown in 
tropical and 8ub*tn>pieal oountzieB, and India is one of 
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the most importuit tobacco-growing ooontties of .the 
world, the acreage under it being about 2,000,000 acres, 
though the quality is very infetioi:. The only chemical 
deficiency of Indiaii tohaooo, oocoiding to the lendt of 
sevezal analyees, ia in carbonate of potaah, proving the 
poverty of Indian eoils in thiB impoxtant plant-food. 

At Kentucky, U.S. A., various experiments were made 
with fertilizers both incomplete and oomptete. Muriate 
and Bulphabe of potash gave equsilly good reanlta, though 
we are inclined to recommend salphate, which does not 
contain common salt. Nitrate of soda produced a better 
quality of leaf than other forms of nitrogen. Of complete 
fertilizers : — 

60 lbs. of nitrate of soda 
80 „ dried blood 

160 „ Muriate of potash 
14 „ Double superphosphate 

produced 1,460 lbs. of cured leaf. By doubling the 
qoantity of fertilizer the yield of leaf wa3 increased to 
1,630 lbs. 

Although we find so little phosphoric acid in analyses 
of the' plant we learn from experience that a good supply 
of this plant-food ingredient is decidedly beneficial. 
As with a namber of other plants, the action of phos- 
phoric acid and its absorption, assimilation, and excre- 
tion by plants is yet little understood, and we look forward 
with great interest to the forthcoming experiments and 
researches on the subject of Frofesaois Wimmer ood 
Boemer of Anhalt (Germany). . 

As to the proportions in which fertilizers aife to be 
mixed there is, and will be, a deal of divei^enoe, bat 
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many pianton oae pJant-foods m the propovtion, nitro- 
gen li, phosphoric acid 1, and potash 2, and the best 
Oonnecticat Valley growers, who depend solely oa ieiH- 
lizen. use foi growing tobacco year after yeax on the 
nine soil from 1,500 to 8,000 lbs. of thie miztore. For 
India a manure made up the following miztore woold 
probably produce excellent results : — 

Cotton seed meal |^ g 

or castor cake tneal...) 
Sulphate of potash . . 3 ,, 

Bonemeal or superphosphate 2 „ 

Bone is preferable, for the sulphuric acid in Buper- 
phosphatee is considered injurious when present in 
exoesa, and in a warm, moist conutry, bone is by do 
means a alow-acting manure. 

At Galhoan, on red sandy and grey sandy soils, 
nitrogen in the form of nitrate of soda, cotton seed meal, 
or dried blood, caused a marked increase in the qo&ntity. 

The best quality of leaf was obtained by a mixture 
of cotton seed meal, superphosphates and sulphate of 
potash. 

In experiments made in Virginia, dried blood for 
nitrogen gave the largest yield and the beat financial 
ntnms, and in all cases, the tobacco rlpent^d from ten 
days to two weeks earlier on the lertilia^d plots. 

In Deli, Sumatra, where the toDacco grown has 
obtuned a world-wide fame, the beds are highly fertilized 
with xich manures, a complete guano or complete 
specially prepared fertilizer (artificial), and on old lands, 
to ensure safety against grass and weeds and to add 
potash to the soil, the land is burned over and the soil 
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«nriched by the ashes, and perhaps deodorised b; the 
charcoal and the heat- 
In Trincoinalee (Ceylon) saady soiU ate chosea, and 
compoet from dunghills, oc dry powdered cattle d ing is 
used. Wherever tobaoco is grown stable manurte are 
commonly employed, but it is everywhere admitted that 
fertilizers known to be lioh in potash are especially to be 
reoomjnended. In many parta of the United States of 
America it is customary to apply specially prepared 
fertitizcEB after the plants have attained considerable 
m.et to Btili further stimulate the growth of the crop. 

There are two sets of experiments with rarious 
fertihzers, carried out by Wagner, which are of the 
greatest interest to the tobacco -grower who wishes to 
get the best returnB as to quaFty and quantity for the 
money he expeni3a in raising his crop, as ev? ry intelli- 
gent farmer wishes to do. Tha tiret series was conducted 
with artificial fArtilizers only, the second with artificials, 
with cattle manure, and with a comlHnation of both. 
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I Here we note that, though one d the experimmti 
with an incomplete manure shows ae good a letoni ai 
one of the plots treated with a complete fertilizer and 
even 9 lbs. more than with another, the percentage of- 
potash is greatest in the leai', in the complete mannresi 
and practically both for quality and quantit; it pa^ best 
to nse fertilizers containing all the oonstitnents (A a 
well balanced plaat'food. 
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It is more interesting bo Indian facers, for we 
have trials with farmyard manures with which to make 
compaciaiHis. It is worth noting in the fitst fiva 
ezperimentB : — 

(1) That the plota treated with incomplete feitili- 

zere produced no more leaf than the un- 
manured plot and considerably less wei^jhi 
in stalks. 

(2) That the percentage of potash in the dry leal 

wa9nea.rly doable that found in the leaves 

from the unmanured plot. 

(3) That though the chlorine in the manured 

plots showed & percentage of chlorine 
between 3 and 4 times that in the an- 
manored leaf, in ouiy one case did it go 
above O G75. Though it reached 0 832 in 
this case, the potash percentage was so 
high that the burning did not appear to be 
i^uch affected thereby. 

(4) That with the increase of potash in the leaf 

the burning quality increased, the duration 
of oombastion lasting, in the case of the fer- 
tilizer plots, twice as long as it did in the 
case of the iinmanured plot and Noa. Q 
and 7 which were treated with cattle 
manore alone, 16 tons being applied per 
acre. In thcae we find the weight of stalks 
decrease considerably and the weight of 
leaves rise proportionately above the plots 
mannred with inoraUplete fertilizers : but 
tht! percentage of potash contents of the 
dried leaf also falls, whilst the chlorine 
rises to 2'448 and 2-906, bringing down 
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Qia dnmtion of glow below ereii that of the 
leaveb from the unmanoxed plot. 

The use of a complete fertiiizei- together with lf5 
tons ol farmyard luaQure, pfoduoes a fall in the weight 
ef stalks and a decided increase in the w<iight of leaf, 
raises the amount of potash in the leaf but doo8 
not, to any extent. dpnvfiMe the chlorina, with the 
result that the burning <jua1ity suffers and the daration 
of the glow is very mtich less than that fonnd with the 
leaves of the plots not treated with cattle manure. 

It ia evident that the deleterious effect is due to the 
chLonne, of which no email quantity is to be found In 
farmyard mannie. Another point in evidence is the 
fact that with the inoreaae of the snlphate of potash in 
the mannre, there ia a corresponding increase in the 
potash contenta of the leaf. By the use of larger quanti- 
ties of silicate of potash there is not a corresponding 
rise, bat rather a fail iu the potash contents, yet as this 
is accompanied by a corresponding fall in the chlorine 
Quntents, the burning power ia not dintinished. The 
advisability of its employment must depend npon its 
price. 

The points to be considered in cultivating tobacco 
are so masy that the crop requires most careful attention, 
as regards clinuite, soil and mannres, to prodnoe bum, 
tute, aroma and testute of leaf, and the catting, drying, 
sorting, antl curing must be in the hands (rf expert-s, if the 
best possible return is to be obtained. Bpeakiog of 
Ceylon tobacco Mr. A. MacDonold Qihsim, an expert 
fiom Borneo, says; — "The full natural flavour of the 
tobacco ought to be retained, the colour of the leaf im- 
proved and the tobacco generally cured so that it will 
keep any length of time. The native system tends rather 
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to destroy the leaf wh'le it renders it as black as possible 
and liable to rot ; hence thf anxiety of eigat-makers to 
eell their cigars as eariy as possible." In a further 
note, he adds — '' There can be little donbt that calti- 
vated tobacco land will larficly increase when the railway 
runs through the Wanni and the limited market for 
local tobaoco, as it is at present produced in Oeylon, 
will be flooded. Prioes will drop till the industry will 
become unprofitable unless the Ceylon tobacco is 
rendered acceptable to other markets than would at 
present Eeoeive it." The Ceylon Gk>Temment Adminis- 
tration ■Report for 1902, aays r— " Thece has been a fall 
in the price of the leaves grown locally and it is a matter 
of great anxiety with the tobacco-growers of the 
Province that the price is on the decline for some 
years past. The fall in the price is chiefly owir^ to the 
markets being glutted and, unless a f rtish market is found 
for the local product, no material iinprovement can be 
effected." A t-ial was made by Mr. MacDonald Gibson 
at Pallai in caring the Jaffna tobacco to suit European 
markets. He says : — " I have nothing new to mention 
regarding this important industry which will coutiuue to 
be nnsatisfactory to the prodncer nntil he begins to 
realize the necessity for improved methods of curing the 
product. I can only call attention to my observations 
in previons Administration Beporta.*' In the Jaffna 
Catholk Qvardim we find the toUowmg ; — •' Tobaoco 
cultivation is extending in the Morthern Province ; bat 
the general complaint of the tobacco traders is that the 
leaf prodaoed is getting to be more and more deteriontod 
in quality. This is dne to the want of high cultivation 
and high manuring, which are necessary for the 
production of a good article possessing tiie desired 
Strength and flaTOor. The labour and manure bestowed 
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formerly on one acre is now spread over two or three ; 
hence the great inferiority eoEaplaiued of. ColtivatorB 
who look more to the quality than to the qoantit; of the 
oiop, find to their advantage, that it ruaes oompetition 
among parohaBers." 

. The same worde might, well apply to Indiui-grown 
tobacco, eapecially now, when American cigarettes are. 
imported into the coantry by the rnillion and the taste of 
strong tobacco, formerly universal, is now slowly but cer- 
tainly changing to that of the American cigarette and the 
cigar of indigenous tobacco wrapped in a Sumatra leaf. 
As in other parts ot the world so also in India, smoken 
are becoming more exacting in their demands, are more 
fastidious, and constantly insist on obtaining better goods 
for their mouey. The trade, however, always pays well 
tor good tobacco. 

To raise a crop of tobacco is about the easiest thing, 
but it is quitti a different matter to make a crop pay well. 
Still, care and attention, with occasional experiments oa 
a email scale at first, will enable a farmer to produce 
tobacco better tlian that received from oountr es where 
it has been grown a hundred yeai-s. 

The most careful attention mast be paid not only to 
its curing but to th(' iuech;mic;ii textuiT of tht; soil on 
which it is grown auU tu the uuu ot complete and well- 
balanced feitilizerB. The percentage of nitrogen ia 
greater than in any other crop ; part of it eiciste as 
Dttratea, the ribs wmetiiues coniiaining as much as 10 per 
cent. The composition of tobacco is very variable as 
seen from the analyses, and, like all green crops, its 
constituents are much influenced by Ihe manures. 
Nessler has come to the same coDcluaion as Wagner that 
the qo^ty ot the tobacco is improved in proportion to 
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the amiaanfc <d potiwh salts in the loU (or atUed to it liy 

mftnares) capable of producing potasBiam carboaate 'in 
the tub. The amount and composition of the nunare 
required for any particular field it sometimes detemdnM 
by ttu ^niilygis. jcA the soil, but nowadays the more 
priwiticaL AmerioanB caloulate what the plant remuv^i^ 
from the soil by analyses of the crops and draw infer- 
tiaces from obserratian of the detective properties of the 
leaf. If, for inBtanoe.toomuchnicotineisobserved though 
the la.nd was otherwise suita.ble, it indicates that the 
manure given was too highly nitrogenoos. If, as is ho 
often the case in India,, chlorides abouad in the leaf, we 
may, with confidence, look to the faulty manuring or 
watering, both of which so frequently contain a high 
percentage of salt. 

The bad burning and black ash of Indian tobacco 
point only too clearly the well-known deficiency of the 
soil and thp manare ia potash and the conseqaent 
absence of carbonate of potash in the leaf. 

It is said that, owing to volcanic action in Java, 
thet e are spots where no artlfioiai mannring is required ; 
but, aa a rule, even the best soils are, before long, deplet- 
ed of their plant-food and unable to grow ao exhauafcing 
a (lEOp onlfiBB fertilizecB are applied to return to the land 
the plant-foods extracted by the harvest. 

In the Oodavery and Kistna delta where the ^moug 
Lunka tobaoco is grown, we have climate and soil the 
moat f^tvoui-able, on the sandy islands from which the 
rivers recede, leaving an alluvium silt, yet Mr. Caine, the 
tobacco expert engaged by the Madras GhmrmneBt- to 
make a tour of inspection of the Oodavery ItailtM, 
pronoonced the cigars " exeacable. being strong, rwnk. 
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hot and saltiah to the taste, besides gritty and fuU of 
iSana," though he believed it could be made to compete 

with Virginian tobacco and bring from Bd. to U, per lb. 
jn Englaiid. 

^ How far this defeotivenGss is dae to faulty mannriTig 
luid how far to bad curing, has not yet been decided. 
Wherever good tobacco is grown in India it will be fotind 
that the peasant assa all the laanuce available and all the 
ashes he con get to fertilize bis fields. Unfortunately he 
has not TDOch idea ot balancing his manures for tobacco 
or, perhaps, he knows what is to be used but ca.nnot obtain 
what he wants, owing to the difficulty of piocuring 
mannce of any sort. la .the North- West ProTinces 200 
maniidR of the richest manure available is often used per 
acre. Bat whetber this rich manure tha.ti& available ia 
all nitrogeaoaa does not seem to be a point too carefaUy 
considered. In tbe Punjab, ashes are invariably used 
where procarable, so that it appears pretty pt&in the rayat 
knows that potash is both useful and necessary for his 
tobacco. Jnat oatside ilhiiasa a small plot has been 
famons for ite superior tobacco during the las* 100 years ; 
bub in this not only is horse, cuw, and sheep dang used 
extensively, bnt a large quantity (hashes, with straw, is 
added, and the baked clay of earthen pots. 

Unfortunately the mineral constitttentB or ash of 
most Indian tobaccos contains much less potash than the 
fine American tobaccos. 

The Spaniards brought tobacco from Mexico to tbe 
Philippines shortly after they had conquered the islands, 
and the land is capable of producing as good leaf as tbe 
Vuolto Abftja District of Cuba. Though the choice 
MAcilia cigars come from the PhilippioeB, tbe tobacco is 
gradn^ly becoming inferior, the resoltr no doubt, of a 
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depletion of the ami and a neglect to replace in th« 
fields the foods taken out by the plants. 

It is not only in India that experimentera with 

exotics and usei-s of new manures ace kughed at. In the 
United States of Americft, thfi Department of Agriculture 
tried Sumatra tobauoos andeir shade id the Connecticut 
VslJejr. Of ooorse the fatmecs azonnd had grown tobaooo 
for years. They knew what the soil and climate could 
produce and the sort of tobacco that could be grown in 
their district, and the/ wees rathei; amosed with the 
new fad of brii^ng in a new tobaooo. Bat within a year, 
they learned that an exotic tobacco could be grown on 
their soil and fetch a price far above anything the ordi- 
nary kind had realised in their markets. I quote in 
extenso from the Report of the Director of the Gon- 
necticat experiments because I believe the introduction 
of exotic tobacco will pfove highly beae&cial to Iudia> 
and there is no reason why experiments with these 
should not be tried while every elfort is being made to 
improve the indigenous variety. I have tried American 
tobaccos on the farm of the Presidency Manure Woike, 
Ltd., in the North Aruot Uistrict, with wondeifal sao" 
ceas, and the seeds from Sumatra gave results as good. 
The Connecticut Report runs as follows : — " The best 
Sumatra type is a leaf smaller than ^the Havana, 16 or 
18 inches being the desirable length, light to medinm 
colours, with open grain, frea burn, great elasticity or 
life and very thin texture. That ia what the trade 
wants. In 1900 the Connecticut Agrionltural Statipn 
began trying to raise this quality of leaf. One-third ol 
an acre was enclosed with a substantial wooden frame, 
to support a cover of very thin choesL' cloth nine f^t 
above the ground and closed on all aides to the ground 



462 



-with the Bame material, The Boil was fertilized aa 
QBnal for onr other leaf and half the acre was aet with 
Bnmatia plants and the other ha.lf with new England 
^vanft. Both were set much closer than is asual in rows 
of three feet and one-and-a-half feet apart and plants 
12 inches apart in the row, The cover was a peifeot 
proteotioa against ineeot peets. Cat worms did some 
damage to the jronng plants, bat no flying ioaecta preyed 
on thn tobacco. At harvpst. it was yevy hard to tind a 
leaf which showed insect bitea. The tobacco waa also 
perfectly protected from wind whippin;^ and from light 
hail. The temperature nndei' the shade was considerably 
higher than outside and fluctuated less. The two roW3 
each of Havana seed leaf and of Suioatra grown under 
the shade, were topped rather high. The leaf from the 
topped pljtats, however, after curing, waa seen to be 
distinctly inferior to that of the untopped plants. The 
untopped tobacco of both varieties grew to the cover 9 
feet from the ground and the Hnmatra stalks bent over 
and grew to a length of 10 or 11 feet. The occasional 
z&in and wind storms of the Summer did no serious 
dunage to the cheese oloth. The leaves were picked or 
' primed ' when they were thought to be ripe, strong on 
strings, cured in the usual way and then fermented in a 
pile or ' bulk.' When ready for market, samples were 
token from the a^veral primings axapt the first, which 
lAcInded only inferior bottom or sand leaves. Each hand 
waa a single string of leaves )iiat an th« f^hh had stroog 
them and therfoi^ represented the general ran of the 
toanres and not a aeleotion. After taking aamples, this 
little broken lot of Sumatra leaf, from only one-eixth of an 
acre, sold for 38. per !b. The samples -were sent to a 
number leading dealern and manufaotnrera with the 
reqaett to examine catef ally tioA. give their opinion (rf the 



4^ 



qnalitr ol t,he leaf and to state folly itd defeoti. Theaa- 

reports, ttom men who ace ia tou'oh with the present; 
condition and requirements of the tobacoo trade, and 
wbo had no penonal intereBt; is the crop, ' aettla, \mjooii 
diapnte, the qnalify of tb& Suinatra tobaocx) we raued." 

Rupees 3 annas 4 per lb . I Only to think of anoh 

prices alori^R.rlc a (loverninerit rfiport concerning the 
price of Indian tobacoo, which reads i — " A well grown 
crop ia expected to yield from 20 to 24 maanda per acre 
(80 lbs. make & maand), the money valne of wbioh 

may be estiniiited at Ra. 100 to Bs. 120, "Bs. 6 being the 
average price per maund of country -cared tobacco. " 
A penn; a ponnd I An objection may be raised that the 
Connceticnt leaf which p:vys so well and the still better 
results obtained from the Sumatra tobacco were probably 
due to the soil and climatt;, but the State is on the 
borders of the Atlantic, has a, poor soil, and is subject to 
great cold, facte which show that mos\ places in India 
are better sciied for the production of a really escellont 
leaf. 

In order to obtain the sainti combination of strength 
and aroma as the acclimatized plant, it most be placed 
under eqoalty favoarable conditioua of tezaperatare and 
mointara, la this respuct India ib situated more favour- 
ably than the Eoropean titateB, where foreign varieties 
of lobaooo have been acclimatized. In Barope, the 
climate is auoh as not to allow <ii' tlic full ^.ttainment of 
the original aroma, but Oubaa aeud 1\a3 been BOCceaafuUy 
grown in Austria with a remarkably good aroma, and 
there is no reason why foreign se6d should not be giown 
and the tobacco rutain its original ctualtties, if manuring 
and coring are propedy attended to ; for, in this vast 
oenntry, a soil and climate should not be diiBonlt to find* 



■nitable for thoroughly acclimatizing the plant. The 
present stock ia foreign to India, and, as gronnd nats and 
othw crops become i n oourse of time indigenous, we ought 
■oon to have an excellent tobftoco on foreign ouvkete, 
and India ebould be the chief tobacco nippliei to the 
zest of the world. 

The mere chemical analyeie of a soil helps hb very 
little in determining the nature oi manures to be 
employed, bo mnch depends on climatic conditions and 
the testure, if I may use such an expression, of the Eoil- 
One tobacco analysis ia very much like another, but, 
a Blight variaUon may make all the differenece between 
good and bad Tobacco, as, in esBences, the change of one 
atom of hydrogen may make the diflference between a 
scent and a. stench. 

The soil, however, by careful attention, cao be 
rendered as nearly as poBsihle Bimilar to that of the 
finest tobacco-growing districts, and then fertilizers, the 
cutting, sorting and curing, must do the rest. In 
sandy soil the best tobacco is grown. 

Sand. Hilt. Clay. 

NewYorkBoils show.., 68-81 18-18 7 M 
Mwwachnsetts 60-10 83-60 8-31 

It IB interesting to note that the coarser or filling 
tobaccos of cheroots and cigars are from soils composed 
as foUowe : — 

Sand. Silt. Cloy. 

Fennsylvania ... 17*27 40*02 2927 

Ohio 28-81 44-81 27'6a 

A. M. Howell in the Australasian, whose knowledge 
was acquired in the Southern States of America and 
improved by the growing and onring of tobacco on 
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modem aoientific principles, states that the mftin 
questione, inTolved in th« prodiiDtioQ ot a good crop of 
tobacco, are ; — 

1. Tb<t seleation of suitable soil ttic the type ci 
tohaoao dedrod to be produced. 

Q, The Belotion of a suitable variefy or varieties of 
toboooo, ioolEing likewise to the claBS aad type desired. 

.1. The cultivation of the crop, including the worlr 
of the hoe and plough, ihe prompt and diligent pruning 
of the plants, the externunation of inseot pests and all 
else that can be done to promote the fullest expansion ot 

the leaf. 

4. Preparations for curing and harvesting the crop 
at the proper st^e of ripeness, looking to a nniform 
yield of ripe, mature leaf, and to desirable colours. 

•5, The curing, process — the ultima thulB of the 
tobacco grower — how to produce bright and beautiful 
colonra that at once captivate the tobacco manufactueeiB 
and command the highest market priceg and pay the 
producer a good round profit. 

6. The care of the leaf after it is cared, which 
means its preservation in sound condition and the 
fixing ot the coloor, which may be lost or faded or 
deepened into other shades by improper management. 

7. Packing and marketing — in the local home 

market orabroail— with cxtrerofi care as to contenta of 
tnoiatar*} and the possibility of dangerous absorption of 
moisture in the hold ot the ship. 

Of these the (isrt^is the mo^ important point to be 
oonsidereii. Notwithstanding the most skilful oaring, 
which can make the best that is possible of any leaf, the 
iuflneace of the soil must always telL 
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For growing cigarette iob&coo aod very fine 
WBappero ft dark rich soil would prove hopeless. In 
Qrenviile County, North Carolina, where the finest 
tlTpes of bright tobaocos ate grown, the ' BoU is » 

Handy and poor thu,t the farmers there 8*y that it will 
hftnlljr "tfpiout oow-peas," fine deep Band, with a 
friable workable soil that iriaintains a propet percentage 
of moistare. enables the leaf Co expand to its utmost. 

The fiba tLTid v(^ins of a tobacco leaf never incrriRFie in 
□umber : whether the leaf be half an inch or three feet in 
aixe, these remain the same, and conaeqnentlj. the 
greater expansion of leaf, the greater the proportion oi 
riblete and veinless matter and the greater the nambec 
of cigar uTappere obtainable between the riba. 

Of coDTse, such lands as these described above require 
heavy manuring. Farm-yard manure is sparingly employ- 
ed, bat special mixtores of commercial fertilizers are 
added, so balanced, that the requisite amount of mineral 
matter, viz., phosphoric acid and potash are sapplied. 
Store the analysis of the plant helps us to a great extent, 
and experience must come to our aid when practice shows 
that more ol a plant-food is required than the analysis 
seems to justify. The esseatialE requisite to themaautac- 
tase of high grade cigars ore ; — The toboooo should bum 
pleasaatly with a pleasant taste, not rank and strong, 
nor too mild, and the aroma will be good. The wrapper 
shonld be also light m golour, rich m gram, thin in 
texinre, small in vein aod stem, elastio, and at good 
baroing quality. The leaves should be as nnifrom as 
possible in size, colour and quality. A leaf between 15 
and 17 inches will produce four wrappers, and is con- 
sequently a size thsA ptoducse least waste. 

The Smoain tobaoco-growers give the most careful 
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:»ttenlioti to these points and tbey get a )Hg priM ibv 

tht)ir trouble. The Americans know that qnantity alone 
does not pay and so they look moat ooref ally to the quality 
- of the lebt they can prodaoe. They evidently nnderstaod 

the full value of the trite old saying : " If a thing is woith 
doing at all, it is worth doing well." Notwithstanding the 
oost of shading and labour on farms in the United States 
the people harp not been deterred from making the 

• culture of Sumatra tobacco a decided suocese. Natives of 
India vrill scarcely credit bhV iaat that tobacco can be 
grown at a profit under a cheese oloth ehelter that 
cost no tesH than Ka. 1,050 fo.r one acre. Bnt the price 
obtained £o:' the produce will explain this. Itis certainly 
nob leaf at Hs. 5 per maund that would repay such 
expenditnre. With everything so much cheaper in India 
it ought to pay to grow the best tobaccos. It is not 

-eutficientto have a good wrapper to maku a good cigar. 
The all-important part is liie filler and to grow this a 

-different soil is required, which should contain mors olay 
and silt and leaa sand. Snorter leaves of a rioh brown 

•coloor burning freuLy and huiving a good aroma are awd 

-as fillers, and esoellent tobaccos of this desoriptton are 

.grown in Jlorthern Luzon {Philipines) and in Fenn- 
sylvania, Ohio an<5 Wisconsin in the U. S. A. Some 

-excellent filtei' tobaoco is also obtained in Sootbern India 
especially in and aionnd the Tricbinopoly District. 

Dark rich soils produce a large crop of heavy coarse 

ileaf with large rib? and vnint., which burns bidly unless 
its manufacture is thoroughly known. When made into 

•cigarB it is strong, biting, and evil smelling. The flavoor 
and aroma are both poor. It iB*QBed for pipaimokiog. 
Though the quantity is great per acre the priwj is so low 

■that it doee not pay well. The choice of the soil ieaU — 

amportt^t in the onltdre Qftobaoooy thongh, given a faic 



cbamat, a farmeE -oan fit his fieldt for any tobaooo ia - 

conrae of time. But, aa in all farming, the question arises 
whether would pay, whether the game would be worth 
the candle, and whethet it would not be more adviflable to 
select in the beginning, a soil suitable to the tobacco 
you wish to grow, using' oomrnercial fertilizera to 
supply the necessary plant-foods. In the United States, 
as great a BoooesB has been made with pine-apples as 
with tobaooo, on soils that apparently were worthleBS, 
beoaose the farmer there, satisfied that the texture of 
the soil was fittest iot his crop, knew that he could 
supply the plant-foods required to obtain the best paying 
harvest. Whatever the nature of the soil, too great a 
proximity to the sea must be avoided, for all expeiie agree 
that tobacco grown too near the sea burns badly, and if 
it contsioe H% chloride it does not bam at all. 

Aji application to the o£B.cia>B of the Indian Agrical' 
taraJ Department for seeds of the finest quality of 
tobacco will be attended to a6 once, and, as experimenta 
with foreign varieties ha>ve aUeady proved saccessfnl on 
demonstration farms in thie oountry, it is probable that 
intelligent farmera will make similar trials. It will be 
the same cost to grow the beat aa the worst tobacco in 
the open, but the difference in the price of the harvest 
will be TCxy great and amply repay them for any extra 
care that may be taken. 

As to onltiTation there is no need to give advice to 

the raiyat. There are few farmers in the world who 
can teach him anything in this respect- 
He has, however, confined himself, till now, to raise 
the ordinary coaree tobacco smoked in the country and 
has consequently not given to the harvesting that o&re 
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and attention required by better qualities that pa/ w 
well in foreign countriea and in the - rapidly grawing 
markets of India. 

Many aathoritiea believe far more satisfaotoi? results 
are obtained when the leaves are 'primed' than when 
the entire stalk is out. In ' priming' the leaves are 

talten off the etalk as they ripen and thia prevents the 
carrying of much gts&n tobaeoo to the shed. Tobacoo 
Hhonld never be out ot pcimed when wet with lain or 
dew, as this causes the leaves to sunbnrn and little holes 
to form, which lowers the value of the leaf. 

Clarence W. Dorsey, an authority on American, 
Manilla, and Sumatra tobacco, aaya : — 

" If the tobacco gives piomifie of being ' wrapper' — 
that is, if it ia light green, very sound in leaf and of 
desirable size — it should be primed at an early stage of 
ripening. If, however, appearances indicate that it will 
prove ' fillet ' tobacco, it^ahould be allowed to thoroughly 
ripen. Early or low topping is not deairable,.a8 it throws 
too mncb growth inio the leaves, making them toocoarse 
and large. If the plants are thrifty and Che weather 
favourable for growth, it is freqnently advisable, if thin, 
fine-textured leaves are desired, nut to top the plants at 
all, but let them produce their dowers and seed poda. 
If, however, the plants seem weak and it appears that 
(hey cannot mature the full number of leaves, they 
should be topped by pinching; out the ' buttons,' allowing 
as many leaves to remain as the plant will be able to 
mature. When plants have been topped too low and 
the leavea tbiokeo and curl, a few "snokers may be per- 
mitted to grow, which will remedy any thickening or 
curling. By using good judgment in the matter of top- 
ping and suokering, and making proper allowanoe as to 



the soil and oUnutie oonditioQB, the Imvtm oan be grown 

to almost any thickness that is desired. " la Northern 
Luzon, the gathering of the ripened leaves is spread 
erer 40 days, five gatherings taking place, one aftei 
every 8 {lays. The primings should be kept sepacatoly 
in the ehed, aud fermentfiri Hoparatsly. Cnr ths leaves from 
different parte of the planta require separate treatmeot. 
Thiooghont the growth ot the plants oonstant oaie 
should be taken against insect pests of ail kinds. Worms 
ihooid be removed by hand or the whole crop sprinkled 
with insecticides such as Paris green. Bor seeding, only 
tbe best plants should be selected »nd allowed to grow 
to their full height. 

Thongh priming may be somewhitt more expensive 
it certainly pays best with choice tobaccos. 

As the value of the tobacco depeads so much on the 
manner of curing, great pains should be taken about the 
feimentation and subeequent soring and grading. 

Fermentation brings out tte pi'oper texture, glossy 
appearance and colour of the lesi, and the ohacacteristic 
properties which are scarcely apparent when the leaf is 
eat in the Reld.' 

As to tbe art of " curing tobacco " it is not tube taught 
by books. One, expert in the bnainesB, mnst teaoh it ; 
but experience wilJ soon be gained by the raiyat, and, 
once a determinatiou to imjrove th« indigenone leaf and 
to profit by tbe culture of the beat exotics ia made plain 
to the Ooremment, I have no dotibt the anthonties. in 
their own interests, as well as those of the farmers, will 
pnsh the industry with as much anxiety as ever was 
shown in the improvement of the cottons of the country, 
though it is io be hoped that interferauoe with the 
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roiyat'B method of agrioulture will be avoided, for mis- 
tftkoB enoogh and heavy loss have always been the EemU 
of an attempt to improve on the Indian peafianta' method 

of tillage. Esperts ca>n then be bcoiight into the country 
from Cuba, the United States, Sumatra and Manilla, 
to teach the Indian farmer to make tbe most of his 
improved crop. When that day arriveB, tobacco-growing 
will be a Bonroe of great wealth to the country. There 
IB an immense field in India for the oultore of tobacco, 
and a still greater one for the improved preparation of 
the leaf. It would pay well to give the greatest attention 
to manures and fertilizers, especially to the nse of potash, 
which is acknowledged to be badly wanting in the tobacce 
crops hitherto raised in the country. 
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TEA. 



A PEW HINTS ON MANCBING. 

The thtee great growing cantres of tea are China, 
India, aodCefloa. Indian tea goes half as fat again as 
China tea bo far aa depth of ooloar and fahiess (not 
delioaoy) are concemed, one lb. of China tea prodaoing 

S gallons of ti=a of a certiiiu depth of coloiir andfulneesof 
flavour, whilst 1 lb. of Indian tea will produce 7^ 
gallons of a aimilai beverage, China sent in 1865 to 
the United Kingdom 93^ oi the tea imported there, whilst 
India was renponsible for '2% and Ceylon sent cothing. 

China. India, Ceylon. 



In 1875 the ^ures bad changed to 
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showing thai China tea, has been pushed out of the 
United Kingdom in favour of Indian and Ceylon teas- 
It was in the middle of the seventies that a disease 
" Hemeleia Vastatrix" wiped cofftie out of Ceylon and 
ravaged the estatHS on the ndjomiaff continent. The 
prediaposmg cause has never been ascertained ; bat I ain 
inclined to believe, and I have the opinion of old oc^ee 
planteta on my Bide, that the burial of pulp at the toots 
of the plant had a groat deal to do with the total 
desbfuction the oo£Eee in Ceylon, and the application 
of the same in a half-rotted condition on Indian' 
estates caosed the terrible devastation then experienced, 
though the evil was not 3o great, as pitting had been 
in vogue bere;*whil8t burial in the rows was the practice 
in Ceylou. My reason will be given when dealing, later 
on, with the borial of proninga 
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As nutibuig rfimaim oq the Boil to replace the pUmt- 

foods taken away in the leaves, there must come a time, 
whcD tea soils suffer depletiaa unless m&Qurdd, and the 
fertUidng, to produce good resalts, mnat be oomplete, 
anfBcient nnd well-balanoed. To judge fnim the best- 
anthorities ia India and Oeylon this pariod has hsen 
Teaohed. The Indian Planters' Gazette oi Aptil IQ, 
1901 oontainB an article oq the " Benoration of Te%'' 
Estates, by an Old Plaster, from which the tollowing 
-extracts are taken ; — 

" The lighter soil in Sylhet and Cachar is eshausted^ 
and bboogh persietence in keeping up estates whiuh 
yield but meagre retnms (that cannot really be con- 
sidered legitiiimte profits) may suit the views of certain 
interested parties, who alone benefit, the hopes of share- 
holders grow fainter every succesdve season. The chief 
need of the tea plant is ammonia, which, by enriching the 
sap, gives greater strength to the leaf, which, ades show, 
the Bnrma Valley teas are deficient in ; ph<»phates 
develop© wood and fruit, corresponding to bone and 
moBcle, but a'? the ordinary run of oar plants are toler- 
ably supplied in this respect when not knotted and 
gnarled by the now fortunately obsolete eysteni of 
pruning ;'the bonemeal Tended does not contain a safll- 
cient proportion of ammonia to bring our leaf np to the 
mark ; an undue amount of Iho alkali would prove 
>detrimentaf, bat 25,^ is certainly required, so that agents 
might well put themHelves into communication with 
'4he loci^ gas works upon the subjeot. 

Mr. Mann's whole attention should be directed to 
the eabject of manure ; we do not require analyatB ci 
soils, which everyone knows have long since ported 
>with whatever productive properties they may have M 
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the outset poBMSSed. Few, even if they have the land, 
oan affocd the espense of extensiona, which will rfitam 
nothing foe four jeAts, and a good numbec, b; ill-advised 
r^nqaiBhnienia, have bcought their whole available area 
under oae plant. The only hope therefora lies in reno- 
vation; the altecaative we need not dwell apon. Kale 
of thamb plantiilg most give way to Bystematic garden- 
ing, which altta-conservabive orchard owners have at 
length realized in England," 

At a Meeting of the Indian Tea AsBoeiation in Oal- 
ontta in 1003, Dr. Uana, the ecientifio expert, said ; — 

" The Ohairman has asked me to aay something 
about the tour recently made by me in the tea districts 
in the course ot which I viaited almost every district in 
Aaaam. There was nothing which struck me more 
during that tonr than the fact that daring the past few 
yeara thert has been a continual expansion of tea, and 
really without any effort or very little being otade to keep 
up the production of area already under tea ; in fact one 
or two gardens which I saw gave figures which seem 
(0 show that, with the area doubled, the product of tea 
was precisely the same as it was befoce. I cannot help 
the oonTiotion that the whole of that decreased cedno- 
tion per acre under tea cannot lie explained by any 
method of finer plucking. What we need ie a concen- 
tration of attention to the area already onder tea. To 
say the least, it is a bad thing to go on extending the taa 
area withont giving time, attenbiou or money to keeping 
vg the prodnotion of the area already under tea. Ak 
the preaent moment it does not seem to be the idaa of 
the Oommittoe or of the tea industry to inoieaae prodno- 
tion at ^ 
' 80 



TlM idM is airae ihat w« thoold derote ont itiBBtioii 

to tiie improring of the gualitj, or rather feeeping: ap 
th« qtulity we have already attained to. There seeou 
to be ao doubt that during the past ten yean (he 
quality of the tea from a very large namber of Ihe 
Aisam tea gardeaa has dBierior&ted ; ib^t is more 
esiiecially the case m those distncts which have up to 
the present been famed foz a high qnality d tea. I am 
at present devoting mo^e attention to this point thaa to 
any other. My i&Testigationa at present are directed to 
finding- what ooattitnents in the soil render it capable 
of pFodueing high qnality tea and what conatitaents are 
pxefient In those gardens which are, or have been, famed 
for the quality of the tea they have produced." 

The amoant of British capital inveeted in tea 
gardens is aboat £^0,000,000. In Ceylon, which in 1833, 
sent 1,000,000 lbs. of tea to London and increaBed tliat 
to 115.000,000 in 1900, there ie no doabl that Tnanariog 
pitays an important role, bnt there is danger that in 
trying to avoid expense, serioua harm may be done. Mr. 
Joseph Froaer, Chairinan of the Directors of the Pita* 
kande Tea Company of Ceylon, Limited, and an antho- 
tity on- tea-plantii^, unfortunately recommends (be 
burying of prnnings and, notwithstanding the opposi- 
tioa <A many scieotiBtti, not only maintains that it does 
ao'hana, bat attempts to prove that it is benefloial. 
One of the laws of sanitation in human life ia the reinov- 
aV of all exureta from the surroundings. Smanatione 
from tjM body are pleasant when alight, and willw^Bjn 
this lore at the old arm chair,' old garments, the old 
hooee, et«,, and why some people cannot sleep well 
in.>a'new -bed. -These emanations, when over-rooocen- 
ftntaJ, baewM oonous and poisonoiu. Wa ilull.p«iA^ 



bdbty find the wne rule as an axiom plu^JUe. iKoMii^ 

else can explain tfae inability of beetiogcowoa soils os^ 
which i( has beam laised tjontiniully tot wme yeacs, iboagfa ^ 
the mem boraing of the soil tenSoH the laad' egUB 
This aliHie will explain oiover BioknesB and the appannt' 
mfstery of otohiards Buffering, ii over-ran vitb gran, and. 
will probably accoant for the dying down of whole . 
loreats in coarse of time and these beiog Boeoeedai 
by trees of (jaite a different species. Mc. Joseph Fraser 
lefera to the Pitakande Eatate to prove that the burial 
«f pmningB is notonly harmteBB bat positively benefioial* 
taking u it does the place of maanring ; but in the 
Tropical AgneuUurui, in rdply to this statement, X &nd 
a Letter from Mr. F. L. Olementa analysing the experi- 
mentB carried on for six years on this Estate, His re- 
marks are si^gestiTe, »nd not in favour of che burying 
of pranioga — in fa£t he produces the evidence from 
Rtakaode to condemn the castom. He says : — " XSn- 
fortonati'v I-have not seen the list of experiments but 
presume that pruning was ctbrried on in the 2nd, ith 
and tith years. If such be the case, I presome that the 
boiyijDg of pronings took plaoe in the same yean and 
there is nothing more dfunnatory of burying than Ibe 
results shown there." 

The fall in the averse produat wonld certainly not 
have been so great, if no manure had been used. The 
burying of praninga appears to me to be the cause and 
with Mr. Clements I am inclined to ask;— 

" Do these figorsB also . indigtite a steady detena-i 
ration 4^ the tea buah and of the e(ul " and tq add:-*^ 
"Does not the oanse lie in the placing at the ^bait 
roots 1^ ¥«ry. ttxcpeta of the plant itself At thi9^xi4r 
(Akfsijj^ toapcolix on the sut^Mk.I giva thv opuiBf^il 



iA iba TnpMl AtritmUvriiliii ^~ 

"Jadging from □oiiuei in the C«yto»_ Ob$9rv0t, ik 
'wojUid appear that practical tea planters are becoming 
donbtfal of (he general otilit; ot boryiag tea j^ningi 
in- trsaoheg under all eonditiona ot soil and waa^r. At 

an important meeting at Dimbula, it was stated that 
ptanings which had ittim. buried just previous to a very, 
wet aeaaon in ihe XTva Diatriot, had not deoompoBed at 
tfieendof throe or foar months of Tez7 wet weather ; 

bat that an injurious fungus was developed to such an 
extent that one per cent of the tea buebeB had died in 
ooneeqnenoe. The idea of utilittng the leaves and small 
twigs (rf tea prunings as a future source of humus to 
the soil, is no doubt correct in theory, but to b^ practical- 
ly uaefol the conditions of the soil and weatber must be 
favourable. 

Chreen leaves, like green grass or clover, horied 
neat the aorfaoe in a l^^ht porous soil, followed by a 
period of hot dry weather, will rapidly decay and afford 
TsluaUe plaot'food. But damp green leaves aeeociated 
with large 'blanches buried over six inches deep in a 
stiff ferrogiooos clay soil, saturated with water, are more 
likely to be a serious sourae of danger' than a source of 
lpl»at-food to the tea shrub. In the .preseniw of an 
flBCMH cC mansinrebnd a defioienoy at air, an aeid dacom- 
podtion of the green leaves is likely to be aet np, and 
the tesoitiDg acid oompounds will not be conducive to 
the heidtiiy growth of the rootlets irf the slaab. As 
long einoe M 1863, the late Dr. Agustos Yoelcket, F, B. t., 
wsiting in the ioaroal (rf the Boyal Agricnitacal Socd^y 
.on. " Maanrea im root ckoiw," ^s^ thati— ^" iro«c^ 



dmig' them'teicnu -dftBiftge ; even ttM mgetaMsikddi ' 
Baofa as nimie and Humic acid ate injarioDs to all «tbpd 
(ndfeivated foe iood tof tha iim o£ maa or bMsfe ; ko& 
unlaw theia uds,- whioh are always pmwni in irliMk 
pnotioal man iQtir humas, ace neafatalized by Iim* 
at marl or earth, none but the roogbMit and. mpt|| 
maatritiooB berbags can be grown." , 

The aboTS was the opinion ot one who was r^btly 
Mguded M an attlhority on thu pcopettim and applioation' 
of wrtifioul nuumtas. 

The soooeu, which has attended the use of non-acid 
manarea such as Basic Slag and the more capidi; avail- 
able manure, known as Basic Saperpbonpbate, is largely 
dne to the fact that both these fertiliBerB have a dis- 
tinctly alkaline reaction and are specially aoitable to 
hhIb deficient in lime like those o( Ceyloa tea estates. 
The addition- of Basic Slag, however, to the boriad' 
praningB sonaot be done suMoiently to ensure the oom- 
plete neutralisation of the acid decomposition. Conse- 
qnently, instead of burying the pruniuga the safer plan, in 
the writer's opinion, would be to remove them, and jrftez 
ettipping off the leavea at some central spot, to stack the 
branohea £ot figure use ae fuel and to allow the learea to 
deoompose in a heap, apiinlded with some soil and * 
little fteshfy burned Urns. If the object isto' oonTsxtthtt 
leaves into healthy and naeful hnmus, the process oC 
decay will certainly be carried oa mneh more rg^idljf . 
^hen the action of the ait .is aUowad to^hare toll efieo^ 
rather than wbeo the leaves are buried in trencher, in « " 
gtiff clay soil, sodden with excess IS aocomolated water, i 

The Fuesewala Planters' Association to o<^a;i 
statiaties ae to ^ exiBteaoe, spread, utd best metins-l^i 
eeqOtai feats wd U%fate aiaefeiiig W.in. ^ 
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are, from quite aodther point of Tiew, oppoeed to boiyine 
of prnninga, as they record : — 

" The conclnsion this Gommittse ha>s ineyit&bly arriv- 
ed at with regard to the ehod-hote borer is, that it is the 
the most Berioas pest that has yet been known to attack 
tea over ^cy extended, aoieage. The affected area 
has, aodoubtedly, largely and rapidly increased during the 
lait few yean, and drastic and systematic meaeores 
axe absolatelj necessary to keep it in any sort <d check. 
Weighing the evidence afforded by responses to their 
oixoolac this Committee considers that the present inroad 
(tf the borer necessitates the destruction of all proninga 
over afTeoted areas, and would go bo far as to xeconunend 
l^islatioD to make this compalsory." 

Mr. Greea, the G-oveinment Entomologist, in the 
course of his address on the subject to the members of 
the Association, said : — 

" From what I have seen of shot-borer (I have 
known it for over 13 or 14 years) it began in Nawala- 
pitiya district and was noted in one of my first ceportB. 
I have nob heard of a very large dying out of tea due to 
it, and I have never got reliable reports of the death of 
a single tree which could really be pat down to shot-borer 
iteelf. But at the same time I should like to point out 
that to keep it in check I uoasider the destraotion of 
pruningB is une of the important points— not the only 
important point, because I think there are several things 
which ought to be attended to." 

A number of- diseases are preralent on tea planta- 
tions and in every case the advice is to oultlTate welt as 
a remedy against these diseases. 

The appearajice of various enemies to plant-life as 
the txee begins to sicken are pat down to aaases when 
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they are mere EkcoompaaimentB, often the moft ttUing 
dgns that the eetatea want better culture. 

Reporting on a tea Eelworm disease in Southeia 
India, Mr. C. A. Barber, Goverament Botanist, Madxui 
after sfeating that it might spell disaster i£ the pest moe 
got a fair Hold of a perennial like tea, remarked that " it 
was frequently the result of aareleaane&B ox insufficient 
enltiTation, espeoially on old garden lands which had 
been allowed to ran to waste." 

A well-manured, well-cultivated estate can hold its 

own against all enemies and soon recover if attacked. 
Mr. Gtreen of Ceylon haa impressed this upon planters 
in the following words : — 

" I think there is no doubt that it will necessitate 
more liberal itnUivB.tion than has been the cTistom in a 
good many places if- tea is going to be kept up to its 
present standard oS bearing. Bat beyond that I think 
if you j'??p the prunings destroyed and prune at fairly 
frequent infeervala and keep the tea in fairly good heart, 
it will be able to tight its own battles. X have frequent- 
ly found, in vigoroos tea, that the tendency of the plant 
is to deposit fresh wood over the hole made by the borer 
and you will often find that the entrance hole or exit 
hole^ — it^ is all the same- hiis been blocked," 

Xe^ tiatates are oitan kt^pt sciupulously clear of 
weeds. Whether this is wise with fields whioh have np 
rotation crops it is not no easy to detorminf;, thoagh I am 
inclined to believe that weeds would be useful, not merely 
to prevent (he washing away of the soil on the mountain 
dopes, but also to remove from the fields the effluvia 
from the rooia of the tea plant that wonld other-wise 
become overHSoncentrated in the soil. The same purpose 
is probably served by the grasses and bushes in twests. 
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A coffee plaater of the foztiee writing from Doblin 

on September 34th, 1899 (vidp, " Tropical Agricnltnrist," 
Korember 1900) nys : — 1 most bear reooid to the only 
praotioa] planter I ever met in Oeylon (George Oioebie), 
After he had planted " Bowhill " near N&walapittiya, he 
neTer alSowed hoe or sorapei to be used by any of tbe 
weeding gangs : instant diemisBal waa the punishment 
for any infringement. The oonngnence of this wise 
rule waa a growth of moss all over the planted portioa and, 
in seasons when short-handed, he had the berrica picked 
from under the trees and cleaned at his store, soch 
coffee realizing S«. per owt. more than parchment at 
Colombo. After his death new-fangled ideas were 
introduced, hoe and scraper came into requisition and 
■oon the Boil which "Q. C." tried to secure for the 
noorishment of the coffee tree was running off as peasonp 
to enrich low lying paddyfielda ; the tree roots were ex- 
posed and gradual decay set in. For ten years the avenge 
of Bowhill was 10 owt- 1 qr. 15 lbs, per acre. After 
the new change it dropped off to 9 cwt. 7 qni. and 5 lbs. 
and then S cwt. per acre, and eventually like all other 
estates similarly treated, became worthless. Poveirty 
brought disease, which, tike any other plague, extends 
and lays hold of good and bad. In this case, however, 
there waa no remedy, for coffee is a surface feeder and 
the soil which should be strictly conserved was wasted. 
The soil on Ceylon hills is light, and never can be 
replaced by artificial manure, and to keep cattle is 
unproductive, as I know by experience. I never saw a 
oooly drop his manure beside a tree that had to be holed 
to receive it, bat I said — there goes 83. If this be 
advisable with a surface feeder like coffee, it ought 
certainly to have force with reference to tea and one i» 
not thexef<»re surprised when a Java tea planter wonders 
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whethec the alte-olMnlinesB from weeds Uui Vfvry 

Oeylon placter thinks a sine qua non of good tet, 
aoltivation has anything to do with the inoxeaae in both 
the quality and quantity of disease which tee in Oeylon. 
seems more sabject to than in Java. He believed tee 
to gcow stronger among weeda if bad graBses were forked 
out and the fertihzing weeds nob allowed to grow too 
laxariEuitly and then dug in. He stated that the only 
estate in Java on which he had seen grey blight belonged 
to a, Ceylon man resident in Java on whose estate not a 
single weed could be seen. 

Owing to the heavy cost in nitrogenous manures 
Mr. Herbert Wright suggested to the Geylon planters 

the use of green manures giving the most roseate fane as 
to the results expected. There are three points, 
howe'vei*, which require careful consideration before 
green mannring is resorted to, in order to avoid a possi- 
ble danger of extreme harm being done to the bush : — 

1. How long will it tsike for the nitrogen collected 
by the leguminosiB to be at tha dispo&al of the tea bushes 
after digging in, and to what extent will the boshes, in 
the meantime, saffer from a wont of nitrogeuom ferti- 
lization ? 

2. How much harm will bo done to the tea bufihes 
by the withdrawal from the soil of the available phoa- 
pborio aoid and potash neoeasary to enable the leguminoaa 
to gather the nitrogen of the atmosphere ^ 

3. And, perhaps, the most important question, 
will the tea plant thrive in the neighbonrhood of snch 
green manures as the ground-nut ? 

Featina knte ought to be the planter's motto. Ijet 
him first try his ei^eiiments whether with groand'-naib* 
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ozotolaru or any other IflgomisoBB, on a ainall scale, for 
a namber of years, before resorting to any wholesale 
chasgas that may possibly bring upon his field a devasta- 
tioD u wholeule m that to whioh ooffes was sabjeoted. 

Foe tea-siok aoili there ia no doabt the growing of a 
abtab or grais, that woald feed upon the excreta of the 
tea plant, would be a remedy together with ma&uring, 
bnt seration sod perha>p8 deodorisinfi: with charcoal will 
be foand the only remedies, as rotation ia impossible on 
tea estates. The experiment wonld not entail mtish 
expense and woiild probably repay the cost and trouble 
many times urer in the first year. 

What manures are most suitable to tea, is a qaestion 
lonf; discoBsed by a number of practical planters anxions 
to make the moet of their gorddns — ^men, who move 
with the foremost agriculturalists of the day. To all 
their disciiaaions in India, however, they seem to watch 
lesnlta obtained by single manures or chemical combina- 
tions that are not complete fertilizers, as tiusy do 
not supply all the principal ingredients of plant-food. 
Another great difficulty with tea is the question ot not 
merely large supplies in response to fertilisers, bat the 
more important one of Barour whioh settles prioe. 
Experienced planters when speaking of different man* 
nres give ahnoet diametrioally opposite opinions aa to the 
resoitB of their experienoe, If ever a ohemioally oorreot 
oombination of manures can be spoiled by the absence 
of one soarcely thought of little item, it is to be found in 
the ease of tea. As exceltent food can foe rained for the 
want oi a pinoh of salt, so manures otherwise oompLete 
are rendered far from perfect in their results by some 
apparently trifling omission. The analysis of the tea 
plant alone will not help us here, for the axoma cannot 
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be eaaij waaXyuA, thoogb the latest reseftrcheB r«gard- 

ing the tea enzyme put ub on the road to difloover the 
•abstanoe whoae trifling omiBeioa in manQtea makes all 
the diflennoe between good tea and mbtaih. Aooording 
to Dr. Wolfi's tables, in 1,000 pai'ts of the tteeh air-driad 
inbstanoe, the tea leaf contains (medium qoantity) — 



Water 


800 


Nitrogen 


35-6 


Ashea 


47-6 


Fotaah 


16-4 


Soda 


4'9 


liime 


7'1 


Magnesia 


2-4 


PhoBphcric Acid 


7-2 


Sulphuric Acid 


3-4 


Silicic Acid 


2-4 


Chloeides 


0-9 



It Ut rtrange that iron figures eo little in the leaf and 
■o mnoh in the soil ot the pinntatiooa. Throaghont Oeylon 
theie seems to be almost a regular rise in the price of 
the tea according to the increase in the amount of iron 
in the eatate. Another peoaliairity aboat tea is that lime 
and phoaphotic auid which seem required, to such an 
extent, by the plant, are seldom found naturally in any 
degree in the spots chosen for planting. There is a 
moBt interesting article by I>t. Harold E. Mann, D. So, 
then Scientific OfiRoer of the India Tea Aaflociation, (now 
Pnnoipalof the Agrioaltaral College, Foona) on "The 
ferment of the tea leaf and its relation to quality in tea," 
An extract from this will show t£e value of pboaphoric 
acid in Savouring the best leaves, a material little found 
in many of the soils where tea is grown and yet a maoote 
that can easily be sopplied by bonemeoL 
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The TroptmU'dgriciUturisi of BCftidhl009 deswibei 

a plant enzyme m " a substance existing in the flap, ani 
which ia capable of indaoing oh«mic»l changes neeesaary 
to the life of the plant. As an instance we may quote 
the oommoneBt of plant enzymes, known as diastase, 

which has the power to convert the refiftrvfl atarch into a 
soluble BUgar, which can be conveyed to the growing 
parte of the plant. In the leases of tea, up to the pce- 
sent. no starch has been found, so that the action of the 
tea enzyme in the leaf ia of a nature different from the 
above. NeverthelsHa, its fnnotion, that of rendering in- 
soluble bodies into a soluble form, is probably similar to 
other enzymes. 

In one or two instances the action of an enzyme 
has been utilized 4Hnumerci&lIy to indnee ohemioal 
changes, which result in the production of a more or 
less distinctive flavour. As an instance we may take 
yeast, a common plant, from which no less than five 
enzymes have been extracted. It bae been found that 
different yeast cells impart to a fluid a different odour 
and flavour, and this has been used on the continent in 
the improvement of oartain wines. It was shown, thai 
if different portions of the same grape joioe were ferment- 
ed with different species of yeast, wines were obtained 
which differed much in flavour, beoause each speoieB of 
jeMt has the power of prodnoing, daring fermentation, 
certain characteristic flavouring bodies. As has been 
previoosly pointed out, however, we must remember that 
all sneh fermentations require a great deal of time for 
oompletioB md they are therefore not strictly compar- 
able with the changes occurring with the manufacture 
of tea. It would be unwise to jump to the conclusion 
that the en^me in tea is responsible for what m at the- 



477 

present bime know as flavoiUr althottgh it is possible, 
ihat under certain conditions the enzyme will be fonnd 
to mabeii^lly affect the quality, and perhaps, to soma 
extent, the flavoar. 

£ rom Dr. Mann's Talnable work on th« Bobject the 
followiog is extrooted : — 

" Distributian of ferment in the fiuahing shoot." — ^Tf 
the varioiu leaves on a flushing thoot be token, the 
unuant of enzyme is by no meatas the same in ereiy 
part. The fresh leaf for iostEinde contains about an equal 
amount in the unopened tip leaf and in the stalk, but 
below the tip the percentage decreases in every leaf. 
Taking the leaf as plucked for iDBtanoe on a Ohi&a hybrid 
bosh in September, the following table gives the relative 
amount present in each leaf separately, calcniated both 
on the £rf sh leaf and on the dry matter in the leaves 
(taking that in the tip leaf as unity) ■ — 



Active Enzymb 

On fresh leaf. On dry leaf 

Unopened tip leaf ... I'OO TOO 

lint open leaf ... '64 '65 

Second open leaf ... '48 -48 

Stalk ... 1-13 1-64 



These figures apparently seem to indicate that whetA 
the largest qoantity of enzyme is present, the best tea is 
made, and yet not wholly bo, becaffse the iWk whioh is 
objeotionaMe in the tea, contains as much as any part. 
The reason of this is seen, however, if the relative amount 
of acidi^, of tannin, and of phosphoric acid in the 
■ame sunset of these toaves are taken. 
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TheM giye the following figmw:— > 

Acidity Tannin Pros. AoiD. 

Presb Dry Fresh Dry JPtash. Dry. 

leaf. leaf. leaf. leaf. 

Unopeiifld tip leaf 100 I'OO 1-00 I'OO I'OO I'OO 

yirat open leaf '94 "94 1-08 I'OS " -88 -98 

Second open leaf '94 -94 '91 91 -7S '76 

Btalk -47 -70 '59 -HQ 66 '79 

It therefore appears that, where a large amoant of 
enzjine is combined wi'th the greatest acidity, and with 
. the greatest unoant of tannin, there the tea produced 
18 the bess. Such ia only a preliminary conclusion, and 
it must be considered Btrictly applicable to similar con- 
ditions. It ia however one to which the next set of ex- 
perimente gives anpport. 

Relation of ferment to quality. — Several gardens 
were taken in the Darjeeling districts. " A " produced 
average or rather better than average Darj'euling tea • 
" B" has for many years produced absolutely the best tea 
inloditk; "C" ie giving, during the present season, 
the highest priced product in the district. Conditions 
being therefore as near as possible equal, the quality, if 
the above condition be true, should vary accordiiigto the 
amoant of enzyme pceeent. provided the same amotint of 
■talk or approximately so, be present in the samples. 
Comparing first, garden "B" with garden "A' "B" 
No. 1 ie from a yoong Assam or high hybrid extension 
giving very fine tea. " B" No. S is from a loW' Assam 
eatemaioD giving the worst tea oh the garden, bnt yet an 
above-average quality. "B" No. 3 is from China tea, 
giving on excellently flavoured product. Determining 
the enzyme present in eadh of the samples in Beptend>« 
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1900, and comparing the amount with thai in "A.' 
{China hybrid pbnt) we have, taking '■ A " aa unity : — 

ACIIVB Bhzxke 



A ... 1-00 

BNo. I. ... 1-88 

BNo. a ... 1'17 

B No. 8 ... 1'63 



In this case the aotivn eniiyme seems therefoce to 
be a fair me&sure of the qaality pioducing ohoraoter ot 
the leaf. The Bams reeait ia showu on garden " C " as 
follows : — 

AcTivB Enzthb 
A ... 1-00 

CMo. 1 ... 2-17 

C >io. 2 ... 1-44 

Here C No. 1 re^iresents the very highest quality 
AsBam boshes and G "No. 2 similarly the best Ohina 
plants iu the garden. In C No. 1, probably a little larger 
stalk occurred, but A and C No. 2 are absolutely compara- 
ble and here it will again be seen that Havour in the- 
tea follows the ensyme in the leaf. Henoe one may, I 
think, conclude that other things being equal, the flavoar 
in the product is materially connected with che quantity 
oi oxidase in the leai twm which it is mode. This oon- 
olofflon as stated above, will have to be supjiorted by 
many more experimems Ixifom mm can ccinsiiler it BatiBr 
faotorily esbablisbed, but in the meantime there is strong 
and ooaiistent evidenoe of its substantial aeooxacy. 

How then can the oxidase be increased in the leaf ? 

In a taUe on page 8 it was shown that, baking the various 
leaves on the same stalk, the amount of phosphoric acid 
varied very closely with the amount of oxidase. In 
addition to tbta I (Dr. Mann) have in a pxeviotu tepturi 
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<Tea soils of Aasftm and Tea manuring, Norember 1901) 
brought forward very strong evidence that the qoatity of 
tea is mfttenally influ»noed, at anj rate in AbsuQi by the 
amonni of phoaphorici acid, and espeoiaUy of available 
phoepboric acid in the soil. Mow not only is pbosphorio 
acid present in greater quantity in the leaves on tbe aame 
.stalk whioh gives the same enzyme and prodooes the best 
tea, bnt also there appears to be most of the oonatitaent 
in the soil of those garderiG giving leaf coQtaioing the 
most oxidwe and making the best tea. The following 
figntas foe the soil of the gardens A and C where the leaf 
mentioned above was obtained, show this very elearly. 

Percentage in the &oil A. '061 ; G. '134. 

I'he conelosioa drawn in my previoua report above- 
mentioned that, in order to obtain high qaality of tea, 
there most in any case be a targe quantity of phosphoric 
acid present in the soil, is here oonfiimed, and this 
phOBphoric acid becomes, in addition, apparently con- 
nected with the goantity of em^me in the tea leaf." 

From the analysis we aee the need of potash, and 
from Dr. Mann's learned and interesting paper, the 
value at phosphoric aoid, and we Bhonld recommend 
these as additions to any otber manures Dsed. 

Though it wonld be advisable tu know something 
of the land to which a manure should be uppiied, a fairly 
4;ood idea of the requirements of tea estates can be 
gathered from the interesting experiments and their 
xwnlts, to be learned from a paper of Mr. W.D. Bosan- 
qnet read by the Chairman, Dimbola f iantera' Assodo- 
tion, at a General Meeting. 

He had had znasy years of experience with coffee 
iiU gteen bag wiped that off the load, and liiioe then 
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made ciirefal expotimenta of the effect of maQiuM pa< 
quantity and quality aUke. Hs say « :— " With tite 
coffee it waa oompanttTely a Btmple inatitee as the objaot 
was solely to find out how to pcodooa the largest 

crop with thft least, injarj' to the tree, whei'eas with 
tea it is at. least as impoi'taat to find oat how far 
the quality is effected by the mannce. On thii latter 
point I have only teen able to draw ray coQclasions 
from my general experieaoe. Many seem to think that 
all manures should be sappressed by legislation, as 
tending to over-prodaotion, whioh is not only impraotio- 
abie but shows how little the tme principlea of manaring 
have been grasped. I believe it is qaite possibie to 
manure in euoh a way bo keep the tea at a normal 
level of prodaction combined with a good quality and 
that it will pay better in the long ran to work on this 
ayatem. Such at any rate are the concluaions I iiave 
arrived at after ten years of experience manuring tea 
and eight years of experiment. My first experiments 
were condncted with the object of finding ont the most 
important element required in a manure lor tea and 
weze so oartied out as to compare the remits of adjoining 
plots of one-sixth of an acre by leaving out one element 
in each plot on the plaa of Mr. Villa. The moat im- 
portant elements removed by the tea crop are in 
1,000 lbs. of tea 

Nitrogen 45 lbs. 

Phosphoric A.oid H „ 
Potash 22 .. 

1 was very soon convinced that the dominating ele- 
ment was nitrogen — that is to say, without nttrogeu) 
phosphoric acid and potash were ahnost inect. That for 
the bent effect, all thcee elemeuts were required, and sboeb 
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specially potaah. That additional nitnigBn meant an 
incraaeed yield but did not invuiably pay, owing to the 
_gfeat cost of nitrogen. 

The great cost inTolved has preveated my experi- 
menting in the direction of finding out the effect of 

differt>nt manuree on quality, and T have to fall back upon 
geueni ooocLuBiona from the observations on manaring 
cui Mtatea nndei my own direction and that of othera. 

Ni^ogmotu Manuret. — As regards their effect on qua- 
lity I give the preference to oaetor cake. Blood meal 
a.lone is too forcing and qaickty used up. Sulphate of 
Euamonia has invariably appeared to me to be accompan- 
ied by a I08B of qoality, whether need hy itBelf or in 
combination, though it may be only a coincideQce. 

Fish manure I havt; used only once, and I confess I 
have a dislike to it as being too Ktimulatiug in its effecte, 
and its Qse haB seemed to me osnally accompanied with 
a loss in quality. 

Nitrate of Potash. — I think useful as a sonrce of 
nitrogen and potash — the nitvogen coming into action very 
ijuickly bat being speedily washed oat in wet weather. 

Phoiphorie Actd. — Basic Blag I look npon as a very 
Taloable soaice of phosphoric acid and I am inclined to 
endorse Messrs. Freudenberg & Co.'e statement that it 
tends to maintain quality in tea owing to the two oxides 
of iron it contains. 

Bonet. — ^Either stettmed or groand shoold, I think, 
form part of every manure mixture, as the phoephoric 
acid contained w them comes into action gradually and 

is not too speedily used up. 

Potash. — I give the preference to sulphate of potash 
as the sonree of potash, as being retained in the soil better 
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than the nitrate. Potash I Consider ii a most important 

constituent in a manare if qaality is to be mftintainsd. 
Potash is kaowa to have great ef eot upcni tha c&cbo- 
hydratea of plants, that is to aay, upon their mainrtnictiir* 
and ever sinoe. the time I oommencecl my cof ee experi- 
meots I have notioetl that potash improved the health of 
the tiaea to which it was applied. I believe it is of great 
▼alae in helping them to remat diaeOBeH of a fungoid 
nature. The manure most commonly used by those not 
well np in masaring 13 castor cake and bones which ie an 
incomplete manure m cootaining a negligaUe qaautity 
o£ potash. A well-balanded manure soch aa yonr 
agricultarat chemist supplies you with, has its consti- 
tuents HO arranged that each element comes in gradually 
and Bimnltaneonsly, iind the more this point has been 
considdred the greater the value of the manure in tea 
cultivation. An ill-baianced manure will stimulate the 
bnshat first and then leave it insufficiently KnppUed with 
nourishment. The typical manure generally used is 

Hastor Oake 400 lbs. 

Fish 400 „ 

Nitrate of Potash 100 „ 

Sulphate of Ammonia 100 „ per aore. 

A manure low in nitrogen and rich in potash and 
phosphorie aoid showed a distinct improvement in the 
crop. 

In my strong objection to forcing mauores, I am 
at any rate in good company, fqr yon have only to read . 
Mr. Bamber'8 report on tea soils to see that he coodenms 
them. From what I hear I am inclined to think that 
ooi leading anthoritj on manuring is of moch the same 
Opinion also t" 
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Tba «OR«fltiBg inflMDori M far H uon» u ouMMneS 

appeals to arise fzom a anfBcieocy of phoephorio acid. 
I wonid therefore recomiaend a alow aotiag manure, 
which, while being cheap, would be ^tfectivs id producing 
both quality and goBiitity and at the same time help to 
onrich the soil. The plant food given to the soil would 
be 81 lbs. nitrogen, 37 phosphorio acid, and 60 poiaah 
and when insect peats abound I would cecomoiend the 
me of Kunit as a cure. 

The following mixture has proved very suceeBaf al 
in TraTanoore : — 

Qronndnut or caetior cahe meal, per acre, 10 cwt. 

Basic Slag or bone meal „ 1 

Sulphate of Potaeh 

I do not recommend the direct application of lime. 
There is a suffici^t supply In bone and basic slag, and a 
jwHoiouB application of it to conipoBts will satisfy tbft 
needs of the plant. 



COFFEE, 



POTASH AS A FERTILIZES. 

A xeport the French Cousal in Brazil, on the Btate 
of tnde in that ooontry, oontama ihe followiog figucM 
of the world's prodt^otion ol ooSea in the year 1900-1901. 
The total amosnterl to 16,490,000 bags ot 139 Ibe. each. 
Of this quaottt/ 11,500,000 bas;8' were growa in Brazil, 
1,160,000 in Gaatamala, Coaba Rica, Mexico, and Kioar- 
agna, 1,060,000 in Venazuela, Columbia, Bqnador 
and Peru, 480,000 in the Ddtoh Indies, 450,000 in Ka,jtu 
315,0(K) in British India and Ceylon, 200,000 in Puerto 
Rico and Jamaica, and 90,000 in Padang. 

A native of Abyssinia, where it is called ' Boun,' the 
plant was first cnltiTAted there, and carried across to 
Arabia in course of time. The Datoh took beans to 
Batavia and succeeded in growing excellent coffee, with 
the r^olt that at the present day 480,000 bags are 
produced in that locality. The Dntch sent a plant to 
Amsterdam, which was presented to Louis XIV., and 
from the berries of this the French Colonies were sup- 
plied, Fi'om Martinique plants were taken to Central 
and South America, and now Brazil supplies nearly lo% 
of the world's coffee. 

The plant is grown between the tiopios, bat, near 
the Equator, priuoipally in mountainous regions. 

The virgin soil of the province of H&ti Paulo has 
■such enormous crops that the ptiice of the berry is infla- 
eoced and Almost regulated by its production. 

But even in this fruitful region the harTeet will lees- 
en rapidly oolesti the soil is enriched once more by 
fertiUzioig. 
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HngbM oalonlatu thftta orop (rf 7 awt. per Ban 
nmovM from the soil : — 

Nitrogen 20 9 lbs. Potash 2B'3 lbs. . 
Phos- Acid 3'7 „ Lime 7'2 „ 

Although this analysis points alearly to the predo- 
minance of potash in the be;rry, the extraordinary 

thing noticeable is that bo little attention is paid to this 
by a body of men sucb as our coffee planters, known tu 

be intelligent, active, and indnstrions. 

They have followed one another £oi years in supply- 
ing bone and castor poonac to the soil, perfectly oblivioos 
of the neoeagity of a complete manure for the fields. That 

ruin has not come upon them is due to the fact that they 
get in the bargain what they never demanded, -viz. a 
small percentage of potash -with the nitrogen in the oil- 
cake. In 8oath America, to which reference is so 
frequently made by planters, maize wag long grown 
merely to be burned down tu supply potash to the coffee 
plantations. 

The variation in coffee (and to a certain extent 
its price) must be due to the composition of the berry, 
and it is Ptrange to find capable nitin nf grit and brains 
omitting a regular analysis of the coSee sent home. It 
wonid not be difficalt, by a comparison of the annaal 
analyses, to unve at a correct conolnaion as to what 
ingredients increase and what decrease the value of the 
produce on the market. I do not think I am far out 
whan I say that the berry suffers from a want of potash, 
hat more so from an accumuLation (tf soda, on which the 
plant feeds in the absence of a sufficient supply of potash. 
At the same time, owing to the ili-bo^ced food placed 
at its dispoeal, an inability arises to iMnimilatfi a 
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loffioiencycd the nitrogen contained in the mazmre, and 
aba nnansini jilted portion is merely a waste washed 
down in the drainage. ^ There are easier wajrs of getting 
rid td money. 

In Otto's AgrikuUnrahemie, pages 226 and 297, 
treating of (he laws that regulate the asainailation ol food 

ty plants, he says " Many plants have the power o( 
aBsimilating, by degrees, certain ingredients, even when 
these are present in small quantities ; as, for instaiioe, 
maritime plants coUect the iodine contained so spai-sely 
in the sea water, to such an. extent, that it can be extract- 
ed from their ashea. But, following the law of Diosinose 
and the comnmption of aubetanees in the plant, one 
can explain how the composition of the ashes of individnal 
plant species can still change, to a certain exteot, accord- 
ing to differences of soil and varieties of manitring. For 
example, one and the same plant will contain a differenoe 
in '■he proportion of its aah-conatituenta as it is grown 
on a soil rich in potash and poor in lime or on a soil 
fairly rich in lime. 

Similacly, in artificial soil mixtures, certain plants, 
•.g. tnmipe, show the same differences, if, in one instanoe 
the soil is manured with little potash and much soda, and, 
for the sake of comparison, another is treated with muoh 
potash and little soda. The plants grown on the first 
field will contain more soda in their aehea, while the latter, 
on the other hand, will contain mora potash. There ia 
nothing remarkable in one metal partially taking the place 
of another in the ashes of plaots. On the contrary, it 
mnst appear a matter of course, when one bears in mind 
that the acids demanded by plants as important means of 
noarishmeut, such as phosphoric, nitric and Bo^horio 
adds, that can be onfy taken up into the plant in ih» form 
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at whUg, m fbnnd in «oinbinfttioB, at timM with more 

Inofl, at times with more potaab, or fiome other base. 
Shoald the piaat in question rec|\i|}re ooeor more of these 
tddB in BBpeoi^lly great measaie, it will moke oM of only 
aao put ot the quantity of sEblMike oompoonds, the real 
atnds which are worke<1 into the s&p by the cells and 
changed into othet substanoes, while the basic p&tta, taken 
ap at the same time, aoeamulste aomewhare in the plant 
without being used aa 4uoh in the oompound." 

In the " Annalea de la liioience Agronomiqae Fran- 

caise et Etrangere, Neuvieme Annee, 1892, Tome 2, 
Etode Bor queiqaes station agronomiqae Ailemandes," 
pages 8&4 et seq., in the diBCUsaion of the fertilizing effects 
tA nitrate of soda a>t compared with snlphate of ammonia, 

when treating of Pmiessor Wagner's experimentE with 
thefie, we find : — " It has often been advanced that 
manores containing aaltB ot soda render (he phosphoric 
acid and potash oE the soil more capable of being assimj- 
lated and also tend to render the growth of vegetablea 
more active and to increase the returns of the harvests. 
Professor Wagnei does not deny this dissolving power of 
soda bat does not believe it haa the inflatmce bo often 
attribnted to it, noi- does he allow that the good effects 
obtained are due to the use of salts of soda as a manure, 

The experiments of growths in sand and water 
prove that plants have no need of soda for their normal 
development. He was able nevertheless to show that 
soda favoured certain phenomena in the nutrition of 
plant-life ; foe it ma; be in a condition to take part in 
eertain fonotionB, which, in its absence, are oarried on 
by potash alone. This reciprocal replacement of the 
chief mioer^ ia not a mere hypothesis purely gntai- 
toua. - 
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Bmtte Wolff has proved thai; Silioic «cid, for 
example, is able in certain cases and to a cectoin extent, 
io be a sabstitate for phosphoric aoid. There is coqw- 
qoently nothing aHtonishing in the f Kt that soda behsi'vas 
in a aimiiar manner with reCerenet; to potash ; but it 
in "penmnmhie to }Tii^c, a priori, that if any such sab- 
etitation ia possible, it ia ouly purtial, beoauae plants 
absolutely require potash to enable them to lire. It 
was to verify these hypotheses that Professor Wagner 
undertook these experiments. From, a atn^ o£ them 
we come to. the oonclosion that, in aoils relatively poor 
in potash but containing all the othur constituents of 
plant-food, ii suilieient quantity, the cause of the 
superiority of the Kitrate of Soda over Sulphate of 
AiQtuonia is due to the sodit carried into the plant at 
the Bajie time as the niti'ic aoid by the nitrates. In 
eoiis sufficiently rich in potash the two salts produce 
eli'ects which are equal. The action ot the soda is 
illnsirated by the ooateuls of potash and aoda in three 
haiveats. 

1. If sulphate of ammonia producea an increase ot 
retnzn equal to 100, it takes from the aoil 5 grs. ot K. O. 

2. If sulphate of ammonia plus muriate of potash 
prodmiea an increase equal to 182, it takes 6 grs. ot JL.O. 
from the soil and 6*6 grs. of K. 0. from the manure. 

8. If sulphate of ammonia plus common aalt 

pi-odnces an increase equal to 147, it takes from the aoil 
6-t> K. O. and of Na. 0. fronf the manaie. 

4. If nitrate of soda produces an increase of 137, 
it takes 4'? of K, 0. from the soil and 12-? ot Ka. O. 
from the manure. 
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6. it' nitrate of soda pins mTizute of potash 
prodaces an increase of 160, takes 4'7 K. O. from the 
soil and 6-1 E. 0. and ir4 of 8od& fiom the mamixe. 

In other words : 

1. In B<nlB not relatively rich in potash, soda 

exerciees a favourable influence decidedly marked m the 
development of plant-life. Such soils ace in fact able, 
whilst utilising the same quantity of potash, to produce 
horreBts half again as gieat when treated with oommon 
salt. 

2. Without being able to completely supply the 
place of potash, soda is still able to replace it to a certain 

extent. The experiments show two increases in harvests, 
alcaoat equal (132-137), which contain vastly different 
qnantitieB of potash and soda. 

3. Soia. determines a better utilization of the potash 
ci the Boil which is at the disposition of the plants. Messrs. 
Champion and Pillot, in their many analyses of vegetable 
Sflhes placed before the Academy of Soienee, have shown 
that the mineral bases can, to a certain limit, reciprocally 
replace each other in the accomplishment of the vital 
functions of plants, but they have not deduced from their 
obswrationa any practical rule oonoeraing the employ- 
ment of the manures. 

From what we have seen it follows that two unequal 
qnantitiflB of nitric a<rid helped by equal qnantitieB of 

soda produce the same effects. To And an ezplatu^on 
of this seemingly paradoxical fact we must consider the 
eo-effieienis of ntihzation. 
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An extuninatioQ of the resoltB of the experiments 
ftllTided to above also proYea : 

1. That potash and soda, whilst favoating the 
growth of plants, help to a better utilization of nitrogen- 
oaa manaree. 

That, under the iaAnenoe of soda, the oo-effioient of 
utilization of the nitrogen of sulphate of amiuoaia can 
equal Chat of nitrate ot soda, though, as a rule, it proves 
inferior by 10 or 15% — in other words, the plants which 
have reoeived nitrate of soda and thoae which have 
received sulphate of ammonia plus Boda absorbed almost 
the same qoaatities of nitric acid, though different 
quantities were placed at their disposal. 

Mr. Warrington made two series of esperiments, in 
the one of which, half the plots were fertilized with 
nitrate of soda and the other half with the same quanti- 
ties ol nitrogen in the form of sulphate of ammonia. In 
the other seriea the plots were similarly treated bnt they 
received, in addition, phosphates and salts of potash. 
The result proved that the application of potash increased 
the effects of sulphate of ammonia just as an addition 
of Boda would have done, Warrington explains the 
Bnperiority of nitrate of soda by saying that it exeioiBes 
a diflflolvfng action on the principle plant-foods of the 
soil, and renders them more easily assimilable. What 
we have said of the role of soda shows that this exp^ 
nation is noi correct. 

Nitrate of soda is superior t*b sulphate of ammonia 
not betttose it renders the potash of the soil more assimi- 
lable but because the soda is absorbed by plants and is 
able to carry out auoh vital functions as those for which 
potash is not indispensable." 
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I luTB laboorad (his point became 

1. Every planter oaght to know the nee^uity ct 
potaah for all plant-life. 

2. The very amUysis of the beiry ahowa the need! 

ci the coffee bush. 

3. The use of potash helps to a better atilisatioD of 
nitrogenooa manona. 

4. Fraotioally no potash, save the Kinaii amouot 
foand in castor aake, haa been need as a manure on ooffee 
fields in India, 

5. The plant should be prevented from taking up 
too much soda, which will occur in the absence of a 
sufficiency of potash. 

6. The soda contentB very probably lower the taste 
and the price of the berry, and it is time that a thorough 
enquiry be made into this question. 

A planter in the Bhevaroy Hills sent a qQsation to 
the Presidency Manure Workg, Madras, which at first 
appeared a decided puzzle. He was a careful man, who 
knew his work and found his coffee plantation in 
apparently the beet order, the bashes in prime condition 
and beating heavily. Yet the price the berry fetched was 
remarkably lower than foiTaerly. Other planters may 
object that the question was simple and explain it by the 
produce of Brazil, etc. Th<!Re were evidently points 
known to and not forgotten by the Shevaroy planter. 
It BO happened that he had kept vaiioas analyses of his 
prodtue with the prices fetchedi&nd a study of these could 
lead to no other conclasion than that variations in price 
accorded with the variations of potash and soda oontenta, 
falting with the Mi in potash and rise in soda, utd 
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liring With fhe inoraaM in pota^ uaA tiw fall ot toim. 

There axe no doubt vaaay estEbtes cai'eFally manared wiih 
booe and castor cake and, perhftps ocoasloaally, with 
nitrate at aoda:- Theae will probably show well-preumS 
boshes ^Baring fairly well, Is the |irioe the aa,mt? 
Is the falling price entirely due to over- prod nciioD in 
Brazil? Or haa East India coffee lost its former pre- 
eminence on the home markets ? Another qaeation on 
mannring. that oughL to exercise the minds of owners and 
managets of coffee estates, is the introduction of super- 
phosphate to take the place pf bonemeal aa a manure. 
There is not an over-abundance of lime in coffee bcsIb, 
and it does not appear wise to introduce sulphuric acid, 
which, aniting with the available lime, changes it into 
g)'psam. Dr. Aitkin knew the full meaning of what he 
said, when, in addressing the Fife Farmers Clab, he 
warned them against sulphuric acid,assuringthe]n the less 
they Tised of it the better it would be for them at any rate 

Experiments carried out under the most virying 
circamstanoeB in countries wide apart, alike at experi- 
mental stations and on immenie estates, all prove the 
utilit; of bonemeal and potash as a good fertilizer for 

coffee. 

Whether tried at the HorticulturaJ Sow'ety's Gardens 
at Calcutta or on the vant plautatious of Brazil, phosphoric 
aoid, in a form not too soluble, in other words, bonemeal^ 
proves an excellent manure, especially if aided by potash. 
The latter, besides acting as a' fertilizer itself, hastens 
nitxifioalaon, and thus the plant is pcovided with its chi^ 
food ooDBtitnenta, nitrogen and jAoBphorio acid from tha 
bone, and potash from either kainit, muriate or aulphaAe 
of potash, and all these foods are sapptied atone and tb» 
same tipie. 
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There ss scarcely a Earopean planter in the country, 
but has his own theory aboat manures ; but in all the 
ooneepoiK^ce to be fouod in the planteis' newspapets, 
the war Baems to wage iavanably on the ezoelltmoe in 
utihty or the harmfuIneBS of a fertilizer containifig one or 
at -moat two ol the chief constitut;nt8 of plant-food. It 
is SDldom we hear of the uae of a ooiqplete fertilizer. 
Prom Guatemala we have the records of ezperimenta 
carne<3 out on the estate of an experienced German 
planter, and his words might cacry some weight in India. 
He Bays : " Phosphoric ooid inoreasea the bearing but, if 
applied in large qnantitiee in an easily Bolable form (such 
as superphosphates), it gives an excellent return for one 
or two harrtibts and kills the plant." Potash shows its 
^ectfl on wood and leaves. In the Finoaa the adjoining 
fields ate burnt, and supply the requisite manure. But 
if this be not done, the want is quickly noticed. Nitrogen 
producra strong, fleshy branches, wood and dark leaves, 
bat oansra the fruit tc be long in ripening. 

Lime unites for a time the properties of potash and 
phosphoric acid. Like potash it produces long woody 
branches, and like phoBphorio acid it causes an early 
ripening of the fniit, and decomposes the Boi]. 

The sncceBS of bonemeal with coffee is endorsed by 
almost every planter. The Secretary of the Hortiooltuval 
Society of Calcutta, shows resolts far better from bosa- 
meal than Goano oould show. 

TTntortonately coffee is not very widely grown in 
JnAia. and planten have been so badly hit by the fall in 
prices that they fear to add anything to their expenditure, 
foigeUol that the addition brings with it a compensation 
in inoreaaed retumi and an improved soil. 



When prieea have fallen in the deoade 1897 to. 1907 

by nearly 40 per cent, it seems a cruel cynicism to aog- 
gest further expendicure. Bat there need be none if the 
manure! are only properly balanced and the esperimenta 
carried out on a small wale at first. The amonnt ctf 
phosphoric acid, aSter years of manuring with bone, miut 
be fairly large in the soil and no harm woiUd Tesnlt by a 
diminution of this plant-food in the manore and an ad- 
dition id potash of an equivalent price. After remits 
from these special plots have been teate<] and proved 
aatisfacbocy, it may be foan4 usefol bo spend slightly 
lai^er Bums on the very neeeBsary potasBic ingredient 
that helps to form a complete fertilizer. 

Comparing Bell's analysis of Mocha and East Indian 
Co£ee, raw and roasted, there are two points tlmt 
especially attract oar attention, viz., the greater 
aiLuant of nitrogenous or- colouring matter iu the alcohol 
extract foand in Mocha (amounting to 'i'59 per cent, in 
the raw and i'il in the roasted), and the smaller amount 
of alboinen which ia 1*36 in the raw and 1*90 per cpnt. in 
the roasted cofleeB. 

The caffeine and oaffeio acids are practically the 
same in both coffees roasted, there is little difference 
in the saooharine matter when roasted, the dextrine 
scarcely varies, and the difference in the ash, as also in 
the moisture is slight. 

Ezperimeuta tending to increase the alcohol and 

lower the legmnin (albumen), may bring about analyaee 
which practically agree, and it is possible tbns to raise 
the vaioB cf East Indian eoffee to the level at Hooha. 
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Bell's »n»lysis :— 





Afocha. 


Saat 


Indian. 


CoiutitaentB. 


Baw 


Kooisted 


Baw 


Roaatei 


CaGFeine 


1-08 


oa'2 


111 


105 


Baochahne M&tUr .,. 


9-66 


0-4S 


8-95 


0-41 


Caffeio AcidB - 


8-4fi 


4-74 


7fi8 


4-SS 


Atoohol Bxtract con- 










taining Nitrogenouaf 
and ooloating mat- 




14*14 




12 67 


ter 










Legamin or Albmnen. 


9 87 




11-23 


1313 


Pat and oil 


ISiiiO 


13-59 


11-81 


13-41 


Dextrin 


Q-87 


1-24 


0-84 


1-38 


Cellulose and Insolu- 










ble colonring 


37-95 


48-62 


38-60 


47-42 


Ash 


;V74 


4-56 


3-98 


4-88 


MoiBtDre 


8-i)8 


0-63 


9-64 


1-00 



To the planter on the west coast who dreads the 
few days between flowering and fruiting when rain is 
badly needed. I cannot too strongly lecummend a oom- 
bination of caBtoi- cahe and of bone and potash salts, as 
the taat wij! absorb anymoisturfi in the aii-, and draw ap 
the moistare from the soil below and bone nitains the 
moisture longest of all mineral matters in the soil. It 
should not want much to oonTinoe the planter of the 
utility ot munate in this reepect an it contains 7 to 
20% of cblonde cf sodium or aommoa salt and 52 to 56% 
of potash. Tlie potash has been proved to aooaleiate the 
decomposition of btHic, and both combined have an ad- 
vantage ench as few manures can show, viz., tbey present 
to the pl&Dt ail the three necessary food iagr«dients at 
the same time and in a very well balanced proportion. 
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Inbrntingof coSee l have not dealt with the cattiva- 
tion, for experieooed farmers cannot be taught their own 
boBineBs ; Dor have X entered on the vexed questioB 
itarted round the Learning Byrtam, the weeding et 
gardeoB, etc. 

At the same time T should liku to draw attention to 
an extractftom a letter from Q. F. Halliley, that appear- 
ed in the January ioBue of the Tropical Agzioolturiat oC 
the year 1905. 

In it he aays ; — "Early in the ' aerentiee ' Mi. 
Crewell Bent some aahes of the white weed to Baton 
Liebig.for analysis, and Bj.ron Liebig proaouncod them 
to be the essential food of the ooCFee tree. Later, when 

the coffeeplanters wrote to him for a cara for lest 
disease, he advised them to grow an intermediate crop, 
and I advocated that that crop should be the essential 
fc^ of the coffee tree, the white weed." 

It would be interesting to feam more about this 

weed, and how fai' it serves in place of a rotation on the 
land, whether both the weed and the coffee improve 
when grown together, and if the presence of the 'weed 
is a preventive againat leaf diaeaae. It ia a pily that 
nothing further has been done 80 far to elucidate ao 
important a question. 

My objeot has been, as in all the chapters dealing 
with Mannrial Problema in India, to restriet ntyaelt to 
the question of manures, and, in treating of fertdliaezi far 

cofEefi, T vary naturally drew attention to the necessity of 
potash in a complete manure, its utility in helping plants 
to asaimilate nitrogen and the importpiat question at tii» 
amount of aoda taken up by the berry in the abwmoe of b 
au£Boiency of potaafa and the still more ^"^"^1** fdint 
S2 
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as to the Tari&tion in tbe taste aitid price that may be due 
to an increase in chd soda contents uid a dimination 
;&e potash. 

It IB to be hoped that planters will eerioasly oonndei 
:thiG last point and insist on analyses that may oanse its 
^ocidation. 



THE COCONUT. 



MAKUBE AND TIMiAGE. 

There ib waroeiy a tree lo common along the shores 

of Tndift, whose very position almost cries out to the 
peEksant the quality of food it rec[iurea, and yet, the 
moment we leave the etrand and find onrselreB some 
disianoe from the sea, though the palm is still grown and 
a plantation looked upon &9 a family iasurance, so little 
is done to obtain from it anything like the best return. 
It hafi been said that the banana is a curse, for its plenty 
generates idleness. The ability of the oooonnt to thriTS 
with BO little attention may similarly be held anawerable 
fo' much of the poverty we see around ns. Enough 
comee in without bother, why should the philosophic 
Edstem woriy about; making more. And yet there is 
not a coconut palm plantation in India that yields 
what it could be made to yield. The fact that 
the palm grows often where its roots are washed 
by the sea water, and that nea>r the seEuhoce it 
grows beet, should point to its greediness for common 
salt. This is ooiroborated by the analysis of the 
coconut made by Dr, Bachofen, the chemist in charge 
of Mr. A. Baur'B Laboratory' in Colombo. In the supple- 
ment to the Tropicil Agrimiturist, T'ebruary 1st, 1901, we 
find the following :— " On reading through the hguzee of 
De. Baohofen's analysis, the most remarkable facts az^ 
the large percentage (1) of pota^ (30'7 per cent.) and 
common salt (45'95 per cent.) in the ash of the husk; 
(3> of potash {Si per cent.) in the ash of the shell ; (3) of 
potash (46*8 p«r cent) in the ash (rf the kernel ; and (1) 
of poteuiam chloride (41 per cent.) and oommoii a^t 
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(36-a per cent.) in the uh of the nuUr. Oalonlatiog the 
qoantity in pounds EomoTad by ft thooiMtd nnta (uiam- 
tng tbftt the entire procLnse d nnts is remored off the 
Iftnd) we find thftt the fc^lowing are the fignres for the 
chief ingredients plant-food : — 

Kikrogen ... 8-6 lbs. 

Phosphoric oeid ... 2'4 „ 

Poteeh ... 18-7 „ 

Iiime ... 2-S „ 

Common Bait ... 21*4 „ 

It is perfectly plain that oommon salt and potash 
are badly needed by the coconut. Now kainit contains 
13 per eenfc. pare potaah and about 36 per cent, chloride 
of sodium or common salt ; so it is clear that there ia not 
a better manure for coconuts than this oombiaation of 
common salt anil potash in kainit. The analysis also 
shows the necessity for a certain amount of lime, ph<spho- 
rie acid, and nitrogen, plant-foods that are all contained 
in hone. It so happens that potash has been found by 
practical experience to help considerably in the decom- 
position or nitrification of bone, and conseqaently I 
oonsidet the mixture of bonemeal and hainit the best 
' manure for the coconut, as it will supply at the same 
time and in the same place nitrogen, phoephocK acid, 
tune, potaah and oommon salt to the roots of the palm, 
giving it, in other word*, all the ^nt-Iood it leqnires in 
the best balanced proportions. 

Wherever the Indian peasant can be shown that 
there is, money in manuring he manures tu the extent 
of his means and pzores himsqlf as np-io-date a farmefc 
as any in Europe. He does not know chemistry and he 
does not want to know it. Pot experiments he doesnot 
belike in. nor hM be the money to nndertabe them. 
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Bdt practical nmfts appeal to him. He dow no* mMid 
\Biswi onk 4 to B aonu. 

Tbe Tropical Agrioulturistt dalied Ist March, 1909^ 
h&H the following letters which show thftC the dedoctioos 
from the &Dalj^a are proved pai-fectly correct in octoal 
faming : — 

Thx OuLinrATMH AHD DifAHUBUTa OF OoooinrrB. 

Ftbruarg IIM. 

Bear Sie, — In your issue of the 7th itutont yoac- 
Veyangoda correspondeQb ^ives the price of cooonttta 
rMlixed at Takkola Estftte, Henai-fttgoda, the property ol 
Di. Vim, the retired Colonial Snrgeon. S'arther in- 
formation regarding this estate will, I think, BOrprise all 
intetested in cooonuta and ahow to what extent the 
intelligent caltivBtion of this palm can iocrewe its yi^d. 
The sitaatiori of Yakkala Estate, I need not aay, ia by no 
means the best district for coconuts, and yet its present 
yield compares most favoorably with the beat in the land. 
In 1696, the Doctor took op his residenoe on the estate, 
and for the first twelve months picked less ihajD l6,00(y 
nots (previous to tliis the property was on iease to natiras) 
KoA within Ave years he has increseed the yield to nigh 
300,000 aal«. picked from it in 1901, and this from only 
foar to fire thouBand trees in bearing, or over 60 to 70 
nats per tree. Mr. W. B. Lament, who ia, I am glad to 
think, still among as, will, no doabt, be pleased to hear 
that his words uttered over 80 years ago have been pior- 
ed, that " no product in Ceylon responds to, or repays so 
well foe maaaring, as the ooconfit palm." With this I 
Bend yoa a stalk I took off a ooconnt tree from this estate, 
whi<A the apathe had opened and flowers in the stt^ 
set. You will note the thickness of this stalk and the 11 
yoong untson it. This banohhod 36st^ki with iltoll 
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mtB cmeftoh, and there are sereral anoh pn the ire* with 
nuts similsE to this, audi was infoEisedtbftt over 50 treea 
on the estate are for the first time showing bmichea like 
this, thUG promising enormous inoreaee of yield to be 
gathered during the current year, which the proprietor, 
estimates from four to five hundred thoosand. Here then 
is a nice little sum to wnrkoiiL "What will 100 acres of 
coconut!, Bay with 70 trees to the acre aod only 12 
spathflB per tree per annum (some give sixteen) opening 
oat with % Btolke and 2 to 11 natB oneachataUc, (tf which 
Bay only f on r nuts arrive at maturity, (and there are 
ahready trees with that number of matured nuts) give per 
acre ? I don't wish do put the answer on paper for fear 
the result of its publication may start some blight on the 
coconut palm. I send you for the purpose of being better 
able to fcdlow what I have said, a bunch taken from a 
native garden on which yon will see there are 41 stalks, 
and only 18 of these with one not on each as yon find on 
ordinary trees. Compare the size of the stalkB on this 
with that on which there are 11 nuts. The proprietoriB 
(rf opinion that salt, especially mixed with othsrfertili- 
MTB, is the great desideratuiu, and he uaea the ordinary 
onlinuy Bait to the extent of 2 lbs. to each tree in spite of 
its cost, and he is very wroth with the Government 
for not makinf^ it more leadily available for purposes o! 
Agncuiture and the cultivation of ooconuta in particular. 
The proprietor saye he is not yet in a poBition to apeak 
with certainty as to what is the best fertilizing mixture 
for coconuts, bnt hopes to be able to do so two yean 
hence. 

Tours iaithfutly, 
(Sd.) Cocfflmr PtiUTTHB. 
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No. n. 

Ftbruarj/Sik. 

BtB, — " Jn the history of the coconut iudnatcy. have 
the prices ever Eeached those ruling at the preaent time? 
What IS thQ reason for the present prices? Ib h thbi the 
denuuid, by leaps and bounds, ontstrippad the supply, in 
spit€ of the Urge areas anniinlly oomiag into bearing in 
Oeylon and in the Straits, and I suppose in other coconut- 
produoing oountries as weU ? These are a few ^aeetioni 
that arise in the minds <rf coconut planters, and I suppose 
in the minds of others &b well. I have heard it suggest- 
ed that the war in t2ie Philippines is the chief cause of 
the rise in the oooonnt market. I shall feel obliged by 
your publishing a table showing the areas under coconut 
cultivation in different parts of the world, with theprodnce 
of the trees and the value of the exports. This seems to 
be a tall order, hut for one with an encyolop«dio know- 
<adge such as yon possess, it will not be so. 

Whatever the cause, the fact remains that prices are 
in the aaceudaut, much to the benefit of thcfflo interested 
in coconut oultiTation. The ruling price ctf oopra at this 
time last year was Its. 47. I see it announced in the 
papers that a parcel of oopra fetched Rs. 66. That means 
Be. 19 above the market price at this time last year. Oi 
oourse, there is a oorresponding rise in the price of nuts. 

With the price now ruling for coconuts the estates 
market ought to command encouraging prices. I see a 
Ihtle correspondence in the papers about the price the 
- well-known Kiimitiuia Estate ought to fetch. As a rule, 
those wishing to bay a property at an auction sale do not 
publish to the world the price they axe prepared to pay 
for it." 

(Sd.) MiBAwrtiA. 
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Nothing mrare nsed to be wud obnat the yaAm ta 

ooconutB -and cooouut growing after whit we fiod writtsn 
hy old planters in Oeylon. As to the manaring part of it, 
H oommOQ salt oan give saoh retttms as axe detailed in .the 
first letter, one feels baokward to oalcukte what would 
reeott from a more coraplote and weU-balanoed manure. 
A.8 with the cotton of the United States and the sugar 
from Java, it will be hard to obtain credit with the 
nativuB of India till the experiments are ti-ied before their 
eyes. Tbore are numbers of wealthy Indians who invest 
in farms m the coantry while putstiiog their ordinary 
bnEonesa in towns. If these hard-headed capitalists would 
only open their eyes to the advantages obtainable from 
land that scarcely pays them now, and begin with esperi- 
menta on a limited scale, the whole conntry woold soon 
be following in their wake, and they would deserve well 
of the Government for benefiting others immensely 
whilst adding to their own incomes. 

MANURE YOUR COCONUT PALM. 

Under this heading, an esteemed correspondent sends 
ufi the following valuable particulars, says the Cq/bm 
Catholie Messenger of October 14th, 1902. 

" There is a coconut estate in Heneratgodde which it 
ia worth while to look at for those who are engaged in 
that occupation. The soil ib generally hard and compos- 
ed of hatd gravel, except as usual in the Agrae. The 
trees stand some eighteen feet apart, some twenty, uid 
some twenty-four. Almost every tree bears its indelible 
marks of early neglect. When the present proprietor 
took the estate in band, some six or seven years ago, the 
avenge yield per tree wae ten ttits in the year. This can 
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be rAdily belietnd nrhm yon look at the tnm on the snr- 

roimding estates. For, they are certainly capable of jrield - 
jog moie than ten nuta. By peraisieut mftnarm^ the 
praieat proprietor of the est&fe of ^ioh I speak hat 
raised the average, step by step, to Bomefching over fifty 
nute already, fie is not likely to atop aotil be reaobes 
the roond hundred. I have obtained an avetsge ol 136 
on tat aTSEoge experimental block of two and a half aorea, 
where the sitaation, soil, age and distance between trees 
are all more favourable. Some of those trees have given 
me mote than 200. An average of 100 is therefore no 
impowible reaolt for a proprietor who manures. 

Aooording to general experience a weak tree staud- 
ing in the midst of strong healthy ones never r^ins its 
Btrtmgth BO as to bear as well as its neighbooia. Wliat 
I saw on the Heneratgodde Estate seems to be exoep- 
tional. A weak tree, standing among and having a trunk 
tii>e ciroamfecence of which ia scarcely one-third of that 
of its neighboors, heats here as well as tiiey. 

The cost of th(i manure used and its application 
cannot be computed at lea^ than one rapee per tree, 
which represents tbevalue of 25 nuts. Anything there- 
fore that a tree yielde ovee ft.') nutH raiiat be put down as 
clear gain. Add to it the gain I'l-oin the breeding of 
cattle, deer, shesp, peafowl and bees which takes place 
on the estate, and no proprietor ha^ cause to grumble 
over the amallnesa of the return from the coconut as 
compared with other indastiies. Jfae worst that can 
be said agaioBt the eooonut is that it takes some Sfi to 
30 years to bear on hilly gronnd, though it flowers in 
the hfth year and bringa a good income about the tenth 
year in lowlands composed of allavinm. 



In Ja%^ and Battioaloa it is for tbs aatiTw 
to moaare unA plough their ooconiif eitatas. In ifa« 
Colombo Hatnai only a very limited few do it. It ie a 
meaiu of qn&drtipimg the income of one's estate. Sat 
here one prefers to extend one's acres tastead of iocraH- 
ing the yield by manariog and ploughing a limited areki.' 
There eeemB to be no remedy for prejndioe." 

" B" writing in the Tropicnl AgrUiUurisl otCn]orQho, 
January 1st, ^903, anys : — It is an axiom in agrieiiltare 
to conform as nearly as poasible with the natural condi- 
tion i under which a prodnot grows, when ita oultivation 
is engaged in. 

Sow what are the natural conditions under which 
the coconat palm grows ? Its original habitat was the 
seashore on which the nuts were thrown by the actioa 
of corrents and wavea. 

The conditions under which the tree grew and 
flourished were on a free, sandy soil, highly impreg- 
nated with salt and in an atmosphere that was salt-laden. 

The extent of land that answers these conditions is 
limited, and as the oooonnt industry is a sore and certain 
one, and does not partake of the nature of gambling as 
some other indnstriea do, the cultivation of the patm is . 
carried farther and further away inland, and it is removed 
further and further away from natural conditions under 
which it grew. 

Aocoi'ding to my thinking, the first and foiemoet 
aim of the coconut planter should be, under these altered 
oonditions, to conform as nearly aa possible with the 
natural conditions under which the palm grows. Here 
he will find scope for the exercise of intelligence and 
ingenuity. If he has a stiff, clayey or gravelly eoil to 
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dfial with, he cannorioako it sandy ; but it is possible for 
him to m^ke the soil saE^ciently tree to allow of the free 
passage of roots through it. The first operation should 
be deep draining. The free passage of water and air 
thnmgh astiff soil will help to gradually alter its texture. 
The drains should gradually be filled up with coconut 
branoheB and buahee, first, along the line of a road. The 
drainage of the soil will not 'be interfered with by 
packing it with branches til! each time as the bushes 
are thoroughly decayed and from a compact mass. This 
will take many year^, by which time, the roots of the palm 
work their way through the soil to water saturated with 
decaying boehes, which cannot bat add to its fertility. 

Another operation far more necessary than draining 
is to keep the soil round the trees in a thorough state of 
cultivation. B this can be undertaken when the plants 
are young, the benefit to the resulting trees will be very 
prpat. The large foraging roots will be helped to leave 
the surface of the ground and to obtain water for the use 
of -the tree from the soil wbete it is permanently damp. 
Rain water will percolate through the soil, and there 
will always be moisture for the roots to draw upon in a 
season of drought. The feeding rootlets will have 
nnrestricted liberty, and manuring qpentions in later 
yearn will not be costly. If the tilling of the soil should 
take place when an estate is yonnf^, th^ circle tilled should 
be enlarged annually till 8 or 10 feet radius be reached. 
I am inclined to the opinion that with the suzfaoa round 
a tree kept in thorough cultivation by tilliDg and maoring, 
plonghing will not become a necasirity. 

Where tilling of the ground round trees is undertaken 
in latra years, I would suggest a complete turning over 
<tf the toil, BO that the rank growth of grass, alwayi^ to 
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iM tiyajoA on a heavy scnl, be iome^ iito ths koil. Tba 

benefits of green manuring will be attained by this. This 
"Will ot necessity result in the cutting of the roots of the 
iree. Bome people object to this, end think it will be 
harmful to the tree and injure the roots. The harm will 
%e temporary, the gain from the operation of tilling will 
be endating. I do not feel any squeamishnesB in iDjaring 
the roots of the ooconut palm. Obeervation will show 
that the bole oi the tree ib constantly putting out new 
roots to replace those thau are injured, which generally die. 

I am of opinion that the roots ti the oooo palm have 
no lunctioaa to perform on the surface of the soil, and 
that they are there by reason of the mechaaioal condition 
of the soil not permitting them to be where they shoald 
be, deep down below the surface of the ground perform- 
ing the functions of pampa. A coco palm has no 
tap-root, and the main roots, I am inclined to think, 
perform all the fanotions of the tap-root. Observation 
induced this belief in me. The lateral or main roots of 
trees, generally spread out parallel with the surface of 
the soil and horizontally. The main roots oi the coconut 
tree have a downward direction, and in a sandr soil, as 
in its natural habitat, they generally go deep down in 
the soil. They are found on the sorface, only when the 
oondition of the soil does not permit them to go where 
nature intended they should be. I think it is for this 
reason, want of suflicient moisture, that the btanchea 
and ironds of young trees growing on a stiff soil, hang 
down as A rule, while the exception is to find it 'in a sandy 
soil, where when it does occur, it is in a different degree. 
When roots are to be found on the surface of the soil. I 
think it is evideitoe that that soil haa not been regularly 
QultiTated and ia orying oat to be. 
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Obfi^FTfttiffli sbowH HB that iha butt-end of the mid- 
ribB of the froDda of the coco palm is shaped like a epoot'. 
Paring » shower of lain, these catch the tun water, and 
a ■tream nini down the stem or sear it. I look upon 
thii M aprorision of nature to supply the tree with the> 
large qtuntity of water it requires. The aim of the 
intelligent cultivator ia to store up what nature provides. 
This IB done by thoroughly tilling the gronnd tonnd the 
ooconnt tree, and where the ground slopes, levelling the 
BQifaoe. The neoeasity foi thus oonserving the water 
nature provideB will be realized .daring a period of soanty 
rainfall. The fronds of a ooco pahn are bo arranged ae 
to thoronghly protect the surface of the ground ronnd 
the tree, where the rootlets abound, from the direct nya. 
of the midday sun. The arrangement of the fronds also 
prevents mtnwater reaching the shaded portion of the 
ground. Hence the wise provision of nature to cotmter- 
ar.t fchia by the spout-like shape of the batt-enda ot the 
frcnlds. As I said before, the aim of the planter should 
be to prevent the water provided by nature going to 
waste, by tilling the BOrface of the soil round the trees." 

As the corrmpondence on this subject ie frequent 
and iong'Continued, I have no hesitation in extracting 
lettetB from the paper as th^ are written by practical 
planters, of long e^iiende. 

DsAB8ni,~In my cumiiinnicntion (in which, by 
the way, "hoshs " was made to read "bushes,") I pointed 
oat. how one of the natural conditions under which the 
0000 palm grew — a free soil — ooaldb^ imitated by drais- 

ing and tilling. In this communication I intend todweU 
on the necessity of salt for coconut cultivation. 

As 1 un very strongly of opinion that salt is an 
abacdnte.neoMsity in coconut ealti'vation, espedally ia 
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inland divtricts faAving a heavy aoit, I started an agitation 
for its issae at special rates, aboat fifteen years ago. It 
was mot by the stereotyped reply. Of the benefits of its 
use in oooooat oalti'vation, one reads oocMionally in the 
papers of the experimeala being carried dot by Dr. Dias 
at Heoaratgoda. 

It was argaad by Dr. Trimen at the time of my 
agitation, that aa analyses showed that the coco palm 
yielded bnt a unall quantity of salt, and as thia small 
qoantity was very likely deposited daring th^ monsoons, 
salt was not so greai a neoessity io£ coconnt coltivatioa 
as I wanted to make out. I Chink his reasoning was 
teUaciooB. The quantity of any inorganic matter in any 
product shoald not determine its necQBsity or otherwise. 
Besides, salt has other properties than manim«l. It 
acts chemically and mechanically on a soil. It keeps the 
soil moist by absorbing the moisture of the atmosphere. 
It acts as a solvent and renders available the insolu- 
ble plant-food in a soil. Lime does not occur largely 
in vegetation, yet soils are limed to improve tfaeii 
chemical and mechanical condition. Dr. Trimen was 
evideotly misled by Iiep ine'a analytical tables. Cochran, 
a few yean ago, showed that they were wrong as regards 
the quantity of ult in the hDsks of the cooonnt. He 
was also anrprifled to find that th<i husks of a coconnt 
grown on an estate at Kurungala yield more salt than in 
one grown on the seoshoie at KoUuptiya. 

Of all ooconnt planters, the late ICr. Davidson waa, 

perhaps, the most intelligent and the one best versed in 
Agricnltocal Chemistry. Hie pupil, Mr. Jardine, is A 
worthy aTMJcesaor of his. He wrote in 1861 : — 

"A tree requires annually 1*31 lbs. salt and 9'79Ib8. 
potash (Moovding to Lapine's onafyaea,) yet tba imtgeT 
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Amount may be leas essential to itt welfare than the 

saialler qnnntitj, because thie poesesseg properties which 
the other baa not, and for the want ot which aothisg 
«lBe will oompansate. The weight of the aalt reqnired, 
compared with the other inorj^anic matter, doeB not 
exhibit fairly its relative value as a manace. Hare 
(Jaffna) day after day may be seen atrings of oarte creep- 
ing from the beach to the estates laden with sea weeds. 
For the sake of the aalt it oontaina we drive a cart-load 
of matter which we coald obtain much nearer home and 
at ft tithe of the coat, because oar Bulera pereistently 
refuse to allow us at the price they ael! it foe exporta- 
tion, to purchase that salt for our estates, which it soroe- 
times costs hundreds of pounds to destroy. The following 
offer was made to Government. Parties to get salt at 
export price, would adulterate it with matter beat 
adapted to render it unfit for culinary puTpose, in the 
G:vernment etoree. They would enter into a penalty 
bond to the fall value of the salt, at the market price, 
that it should be used solely as a manure for coconut trees 
and they would pay a Grovernment employee who sfaoutd 
certify to its application as specified. We deaerve, per- 
haps, that oar want should be disregarded, for, I do not 
remembei' that coconut planters have ever oombined to 
have them fairly represented. With more ttfanity and 
combination in our efforta, we should doabtleas command 
Bnocesa". 

PoBsibly at the time Mr. Davidson wrote the above, 
oooonnt estates regularly cultivated^ fisted only in the 
Nortiiern and Eastern Provinoes. Though the cultiva- 
tion of the palm and the opening of estates have increased 
by leaps and bounds since then, the deplorable want 
of unity and combination which we then bewailed, still 
exiatg. 'U so ihrevd and intelligent a pUnter as Hr. 
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Dtvidaan thought salt a neaeesity in eoeonatcaltiTflitian, 
aod placed so high a value on it, even on the sea-boiNiar, 
BTuely I was right when I, igaorast of his opinioo, ad- 
Tooated the lua of salt hx ooooant oalttntion. npMnUj 
ininland distriots. If salt he available at cheap rates, ik 
uae will gradually extend, till it asaiimes very large 
ptoportioQS. When one's neighboaca see the beneflti 
edging from its a8e,'they will giadnaltj follow snit. If 
ntmery plants, before being pat out, a.ce gtoeped in brine, 
they become immane from the attack of white ants, and 
turn out healthier and atronger plants. If a small quan- 
tity of salt be sprinkled in oooonnt holes, insects are 
destroyed. If a safBciency uf salt be nsed to impregaata 
the soil, the plants will be ahle to resist droughts, 
as the impregnated soils will absorb moisture from the 
atmosphere. If salt be applied to coconut plants of 
larger growth and to trees, the soil is kept moist and 
free, it mulched simnltatieouely, the capillarity of the 
soil is increased and evaporation lessened, bo that 
droughts will not seriously affect them. Salt, as stated 
beloce, is a eolrciit. When the soil ia moist and the plant- 
food is rendered soluble, rootlets will be performing their 
fonctions of feeding continuously." 

Most farm«8 are aware that soltpoBseiBes valuable 
mannrial qualities in connexion with some soils, but its 
ftpplioatioD has not been nearly so extensive as is desir- 
able. Salt eonnsts oC two-thiida chlcnde and one-third 
Boda and as the solvent powers of chloride are enormously 
grcftter than those of rain water. Its ability to break, 
np soil and leave iti oonstituents free and available for 
nonnshiag the roots of plants is a higUy> vai aable 
qualification. Salt absorbs moisture from the atmosphere 
and helps t« .retain it in the soil, thus compeosata:^, 
to stune extenti for a d«&siency of rain and it ilso- 
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punfies ftod de<sompo8es inert matter. When used in 
ooonexioD with stubborn soile they are made easier to 
work, while, at the wuue time, it is ^if materiM assistince 
in hdping to deitory wireworou, ilog* and other iniaot 
pestB. Salt IB (pecially valuable for soar paatare laadfl., 
its aotioot being to malie the grasses sweet and palatable 
for Btook. 

In September 1904, J. W. Tfanm, writing from 
Eonolnlo, says : " In the April iesue of your paper re- 
cently to hand I noticed an inquiry as to the benefit an 
apphcation uf salt has, on the growth of cocoant trees at 
■naltitade. For the benefit of " B" the party inqniring, 
I would etate that at an altitude of 1800 feet my coco- 
nuts treated with Bait were Beven feet higher at the end 
of the second year ,than those nntteated. Bait was 
appKed when they spronted." 

Certain fertilieing materia particularly kainit and 
nitrate of soda, possess we] J -recognized insecticidal 
ptopertiea. The most important seoondary effect of 
fertiliEeri is exerted on the water content of soils. To 
this the increased droaght-resiatant powers of soils 
. fertilized with certain minecal salts U dae. Kitrate of 
soda and ksAnit both materially increase capillary action 
in soils. Men water mores upward from the lower 
strata and thus comes- within reach of the roots, when 
the aml haa bean fertilized with either (d these materiali, 
beoaoie the moring water has beoome'a dilute eolation 
of thew salts. This fact is not only soseeptible of scien- 
tific denuHutntion, bat accords wit% practical experienoe. 
Oroweei fre^nently explain their obserratitm on tlui 
poairt i)f tlw nppaution that theie ntttwdali alMOiib 
ateaosphetic watev and thus inwease the mUaUe sop- 
p^. 1^ «i||linMion Itei in the wi^^aowajpcnreoc 
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of oortun Baits of potaah and soda,, to inereMe raiface 
tension, and oonseqoentl; th? oftpiUaiy morement ol woiL 

■water. 

TbiB aotion ia so important that it may wdl exeit a 
odnteollmg influence in determiiiiiig the nlaotion of tha 
form of fertiliEer, when no ootintaiacting objeotion to 
th« use of the material exiets. The inflnenoB on the 
water content of dry sandy soils, is sometimea anffident 
to save a crop of fmit which might otherwiH be lost. 

Organic monureB increase the dryness of s<hIb diuing 
Boudiy of moistmn. 

The analysis of katnit will shnw how easily it can 
take the place of common salt, and the argomeiiti 

adduced in favour of using chloride of sodimn for coconnts 
will serve equally well for kairiit. 

Eainit contains : Pure potash 123 P^r cent., lime 
1*12, chloride of sodium 34'6, sulphate of inagne8ial4'5, 
chloride of ma^esia IS'4. 

The Itmg oorxespondeace in the Tropical Agriculturist 
showed the interest taken by Ceylon planters in the use of 
nit a nd points to the fact that little was known of kainit. 
"B" writing on March 2nd, 1904, says: "Thereasoiu I 
have always addnoed foe the neooHity of aalt in oooonnt 
ooHiTation carried on away from the immediate sea- 
border are ; (1) that the original home of the coconut 
ia the eeaahoBe, ^2) that salt has a meohanioal and chem- 
ieal«ffe(it<nithewil, aiid <9) ^at f&r. the above leawnu, 
it ia not seasonable .to m^asTixe the neoessity for salt in 
coeon^ eoltivation by the fesultis kA chemical analyses. 
It is vny gratifying to find a confirmatLtm- tS. my views 
by a hi^ anth(Haty< or, to be jnareaeovnta* to find that 
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the viem I hold on th« subject &re in accord wiUi khoaa 
<tf a well-known agrioaltttraj ohemiat. 

In reading " Prinoiples of Agricultiiral Practice," by 
Pro£esBox WngtUnon, I find : " The presmt form of 
M angel worzd is a maritime plant, the Beta Mantana, 
-which growB wild near the coast, in sitnations where 
chlorine, in the form of chloride of sodium, ie abundant. 
Itiswell known that, while, even in inland distiicta, some 
twenty pounds of chloride of soJinm per acre is yearly 
bronght down jn ramCali neoxer the coast where sea- 
freshets are common, a very much larger quantity is yearly 
podred down over an acre. The Mangelwnrzel, being a 
-cnltiTated form of Beta Mantma.xppeaxB from long usage 
to require a large quantity of common salt and the appU- 
■cation of this snbstanc^ increases the yield by many tons 
an acre, especially on soils of light, loamy character. 
?^;»e cases seem to show that special inannrea ate of nse 
in a manner quite distinct from soil requirements." 
Again — " Additions of sulphate of potash, sulphate of 
magnraia and' chloride of sodium (commoa salt) often pro- 
dace a considerable inoiease in Mangel, but it is open to 
the view that the effect is a good deal owing to the com- 
mon salt, lather than to the magnesia or even the potash." 

Borne idea may be formed of the amount of saline 
matter required for a fertile soil, if we coneidor that it 
requires 600 Ibe. to add 1 grain to every pound of earth, 
a toot deep in an acre. 

Mr. Lepine's tables give anr^yiei of the root, tmnk, 
leaves, ttmics, peduncles, spathes, and frnii or dn^ 
including husk, shell, kernel and water. To serve our 
purpose totals wiU soffice showing the fixed matter dcawu 
^p from 'tiM soU by ft coooni^ taree donng SO yaaa : 
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Chloride of Bodium 85184 lbs. 

Salts of potash 241191 „ 

FhoBpbate of lime 116'626 „ 

Sftltoof Unje 92*896 „ 

Salts of magnesia 0 820 „ 

Silex 17-200 „ 

The above is taken from the aeoond editioa an 
itttezerting wock pabliihed in Colombo in 189A, entitled' 
"All about the Oooonat Palm" and compiled by Mt. J. 
Vngiuoo, Editor of the Ceylon Obserosr and Tropical 
Agrieidtttrut, as is also the following' table deduced 
from the abore which shows the total of inorganie and 
fixed matter drawn ap annually from an acre by 75 tress 
bearizkg 80 nuts per tree : 

Chloride of sodium 100-383 lbs. 

Sdtsfrf potash 734-524 „ 

Phosphate of lime 300*025 „ 

Salts of lime 262-182 „ 

Salts of magnesia 2'674 „ 

Silez 40 008 „ 

It win be notioed how ocanparatively littls chloride o£ 
sodium is takes up and on this subjeot the book ahoTa 
referred to speaks in the most interestiag manner. On 
page 38 of the appendix, we find. — " We all know the 
nature and Mine of the propertiei of common lait. ICoifc 
of ue know that iit is essential to the eriatenoe of man and 
of animals ; but few know that it is as essential to the 
gtowth vegetableB. It is foQnd in all organised bodies, 
wiMlwr animal or -n^atable, and aoti crtherwiw ttwn ai a, 
Bwe ingHdient of these bodies. Were I toti^ that it 
ftote as a lUmiila^, I might state what I «wld not 
"eiq^tin, bailcoaldpointtoita operation in .the anunaL 
eewaliv, m» fwwf ttartit g m iwwi j^ i mt iii ti ii , a ii iint ia l ly 
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differing from those of &ny other " salts " ; properties; 
adapting it peculiarly to a tree in which fh« erer-sirctd- 
atiog asp is perpetually varying in oonatitntion and den- 
ai^. Siioh bemg the oaae, we can understand wb.j the 
ooconut tree thrives host where it feets the inflneooe of 
apray borne on the wings of the wind. A tree reqtdreg 
aonoal^ 1-84 lb. of aalb and 9'7S lbs. of potash ; yet 
on the abore supposition the latter and la^er amoont 
may be less esaontiat to its welfare than the former and 
smaller qnaotity, beoause this possesses pn^rtiea that 
the other had not aod for the want of which nothing elaa 
irill oompenBate. If I am right in this matter, the weight 
of salt reqaired, (compared with the other inorganic 
matter) does not exhibit fairly its relative value as a 
numnre. Theory is, here, apparentlg at variance with 
experience ; but only so because a property belongs to 
salt, of which chemical analysis takes no cognizance, 
ii^ shows the elements and the proportions of them, in 
any objeet ; bnt does not exhibit all the properties of 
them. Most of those who have carefully considered Mr. 
Xiepine's tables were probably as much surprised as ha 
appeata to have been at finding how small a proportion 
salt bears to the whole inorganic matter ia a tree ; .be< 
cause observation and experience lead one to anticipate 
-a much larger amount. This is precisely one of those 
oases la which tihe man who undervalues theory has the 
advantage. He can point to experience and aay that 
whether science in general, and chemical analyms in parti- 
cular, be for or against him, salt \e the manure which 
be mutt have. The late Dr. Gardner nsed to describe 
the value attached, in the Brasils, to salt as a manure far 
•cooonats, stating that a man would walk many miles for 
it, pay high toi a load, and then apply it to a single tree, 
-^t SiotfaiKMa aahoa of a plant, rich in s^, tun ttfed 
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with extraordinary bequency, and I think that aife 
Batticalloft the ashea of the mandrake ars, from the sama 
caose, those wbioh prodaCe the most; e&eot. There, day 
after d^, may be Been BtriDgs of oartB, going from the. 
beach to the estates, laden wibh sea-weedi which ezperi- 
enoe has proved so useful a manure. 

Potash is the principal ingredient the ashes o£ 
land plants ; soda ol marine plants. Lime renlts frota 
bnxning limestone or coral, These three are oompounda 
of insoluble metais and the oxygen of the atmoephere, 
the combination being soluble in water. The aalta men- 
tioned are (with the exception of the sulphates and 
ehlorides) varied combinations ot these metals witb 
different constituents of the atmosphere ; and under 
varied circnmsfcances are, by atmospheric agency, inter- 
changeable the one into the other : compoandfl of soda 
into other soda salts, etc. It follows therefore that 
thongh we apply only potash to a tree it may soon, 
under favourable circumstances, be convertfid by the 
atmosphere into a nitrate or carbonate of potash ; and 
so with the ethera. Salt alons is iieeu§airy beoaose we 
cannot elsewhere procure the chlorine to convert sodsK 
into salts. The salt, which, after potaeh, ie found in 
the coconut tree, is commonly known as " bone earth. " 
It ii iiuoltible in water bat dissolvei readily in any acid 
such as carbonic acid and even acetic. As an illustra- 
tion o( the solvent power of rain water (which always- 
con taint carbonic acid in solution) Liebig mentions 
that aa . animal bnried on the slope of a hill was examined 
afiar Kme yean, when not a trace of bmie earth wav 
diaooreMd. When a cemetery in Paris was removed, 
the hki was sold to be converted into soap and oandlM 
bat the ftoMS heAMtajfpeartd." 
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When a plantation of ooconuta ia made in the 
inteiioE at a distance from the sea it ie customftry to 
throw a oonsiderable quantity, as much as half a boshel 
€1 salt at timee into (he hole that reoeiTeg the oooonnt^ 
It is conaegiie'Dtly amusing roading to 6ni in J. W. 
BeDni^tt's " Ceylon and TtB Capabilities " a paragraph 
running as follows : " The Oingaleaa aie bo ex.tremely 
gi^eiBtitioaB that they invuiiKbly throw a little salt into 
the holes, before they place the coconut plants in them 

It the salt were omitted they would not expeoii 

the pluit to £ouriBh." 

From ihe aoalyaes and the succeeding remarks of 
planters long engaged in cooonat oaltivation, it ia evi- 
dent that a hea^ dressing potash and a fair allow- 
ance of bone or superphosphate are needed by the 
coconut tree and a far greater allowance of salt than 
the analyses of the plant itself wonld lead ua to expect. 
Ab kainit, one of the potash salts contains from 12 to 14 
per cent, of pure potash and over 30 per cent, of com- 
mon salt, it appears to be an ideaJ form for potash 
application. 

One moat only watch the trees near a human dwell- 
ing to see the benefits to be derived from manuring. 
The splendid appeara.nce of such ia accounted for by the 
natives of Oeylon as the love of the plant for the human 
voioe. The manure from domestu aninuils and from 
around the house apparently do not count. 

W. fi. Ii. wziting on coconut cnfltivation points to 
the tree itself as a register of its treatment. He sajTS : 
" The stem of a coconut tree on poor laud forms a 
complete register of, the periods at which manure has 
been administered, the effects it piodaced, and the time 
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during wMch ii operated and became ezhamted. It 
contntcto under the pressure of want, expands when fed 
liberally, ud sgun contracts when all tb.« food is used 
up. Theie waa a tree that had stood for twenty-fiTe 
yeare on sand bo poor that not a blade of vegetatioB 
waa ever seen within twenty feet of it ; the stem, over 
one foot in diuneter at the surface, gradoally diminished 
npwasda, till at the five feet ol height attained, it was 
less than fonr inches and the length of the leaves was 
about thirty inohea. In very troth, no more wretched 
specimen of a still living plant ooold have been conoeiv- 
ed by the mind of man, and it was only for (he sake of 
proving the theory that its treatment waa andertalcea. 
Twenty pounds of poonac and five pounds of steamed 
bones were mixed and lowa broadcast a circle twelve 
feet in diameter and dug in. It began to grow Tigorossly 
at once and each fresh leaf that expanded was an increase 
on the length of its immediate predecessor till at the 
end of twelve montlu they reached fifteen feet ; at eigh- 
teen montlu it produced its first flower and was 3.gain 
manured with five ponnds of poonac and two pounds of 
bones ; at thirty months it began to give a crop and the 
top was so heavy that there appeared some danger of the 
small part of the stem giving way, bat this did not hap- 
pen and for the three saoceeding years the same dose 
<rf poonac arid bones wm giveoi. At the end at the 
fifth year it was a handsome vigwone tree, with the stem 
immediately under the leaves, over one foot in diameter 
Wd a crop of from 60 to 70 nuts, while the aggregate 
of plsvions {^&etinga was not orcr one hundred nata. 
I have only to add that the oolt td tihese lesnlts was 75 
cents (aboat 12 aonae)." There is an old Kinda adage 
concerning the coconut which rims : " Water me con- 
tinually duing my youth and I vill qv^noh your ttiinir 
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«lnuidwitly dnrfaig the mhnie eoarse of my life." Thejr 
might ham uid appropriately : " Feed me well throagh- 
oni mj life and I afaall feed you well in leiuin." though 
«{ ocnuM irrigrtion should not be neglected till t^e 
tree baa reaohed its eighth or tenth year and in maiqr 
flaoea throughout the oonXBe of its life. 

If it be tcae that, in the whole range of vegetation, 
there is scarcely a plant that will do eo moch for itself 
with BO litUe help, it is equally true no plant responds 
no mnoh to assistanod in the, shape of fertilizers. 

Hannre made hy cattle fed on the grass at the 
coconut field adds nothing to the general fertility of the 

Jand ; it merely removes it fronj one place to another ; 
but while the plant is yonng, and only commandB with 
its roots a small proportion of the space sBsigned to it, 
the placing of the manure within reach of the roots in 
ibis fwm is of high importance to its rapid growth and 
•eariy hearing. It is not the amount of food thoa placed 
within its reaoh that limits the good done ; the roots are 
stimulated to push oat farther into the soil and thai 
Acquire a wider feeding ground. 

The roots of the coconut are most Tigoroni and 

^active towurds the extremity of the primaries and these 
qualities gradually diminish towtvds their origin on the 

stem, beoaose in their outward course they have already 
appropriated the oieam of the Boil's olemantal wealth. 

Therefore, numureinthe centre between two lines of trees 
ii moretrnmediately effeotive than within a iev fset of the 

«tem, even it cattle tying in circular trenches be avoided. 
Tying two head of cattle to the tree fox ten nights, what 
wiOi treading and what with fresh urine, kiUa off all 
xooto wiUiin i&t indies of the soebee, thus depriving tile 



tree of its wider tftoge of feeding groaiicl,.andth6 imme- 
diate effect is » falling off rather thaa improTement. If 
t^e dang be dug into the soil at once, the troe rerivea 
ftUd flooiiahei till the supply is exhAoeted, when ifr 
rapidly, iUh off io a wone state than before the applio»- 
tion ; bat the more oomnion practice is to let it atonev 
As the feeding roots of plants do their work under- 
gnmnd, dung left on the-sarf aoe is so maoh good staff 
wasted beaidei injuring the tree by iaduaing it to throw 
out primary xopts above ground, in an abortive endeavoor 
to xeaoh. the food from abi<ve, which it cannot avail' 
itself of from below. The pl&ntei who uses a complete 
mantire properly balanced such as oil-ca^e or nitrate of 
soda, bone or superphosphate and potash in the form of 
kainit will doable, treble', and quadruple the crops .o£ 
land previously left to the care of nature. 

A woll-watercd and manoied tree, in good soil^ 
begins to s-ield when it is five years old and in bad soil 
when it is eight or ten years old. It ia in its greateet 
vigour between the agea of twenty and forty and oon- 
tinnee to yield till it is ^hty, living to a handred. 

As a rale a plant throws out a spathe and a leaf 

every month : each flowering spike yields from 10 to 25 
nuts. The produce of a tree in fait health and properly 
tended may be from 50 to 120 and even 200 nata a year,, 
the yield depending greatly, of ooarae, on the suitability 
ctf the climate and soil for coconut cnltivation ; a safa 
average would be 100 nnts a year to each tree in fall 
bearing. A Ceylon planter says there is no praotioal 
IttnU to the jrield, for he knew trees that for a series of 
years bore 400 nnts and many indiTidual trees that 
xegnlaxly yi^ded from 200 to 300. Any tree that bears a. 
small crop in any soil may be made to bear a luge voa 
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in rciponee to the proper manure applied. Thenativet 
of India oaK a coconnt tope a bank, bat they oontinaally 
draw oheqaea on their capital without putting in frssh 
depodtB. The malt is seen daily in the dsenasiiig 
retoniB. 

Ab in all other cases of manuring it is alwi^ better- 
to mauTue the aore and not the tree, for bo many niia> 

takes are made as to where the fertilizer shoidd ba 
placed. If put around or very near the stem of the 
plant much is washed down into the soil and is lost to. 
the feeding roots, whilst if the plantation has the manure 
spread oret it and ploughed m, every rootlet baa aa 
opportunity of receiving its plant-food. 

The following mixture will be found UBeful aa an 
annual application per acre :— 

Lime ^ cwt. 
Bonemwl | cwt 
Kainit 8 cwts. 

Gzound-nnt cake meal 5 owts., or any other oil-cakfr 
provided the same amount of nitrogen Ib npplied. FiBh vl 
extendvely used instead of bonemeal and cake, but the 
uulyBiB cannot often be depended upon. 

To owners of coconut plaotatiooB I would suggest 
experiments on a few trees, tilt, after seeing iesalts» 
experience convincea the farmer that nothing paya 
better than manuring ooeonats. 
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POTATOES 



In ilie Gorernment Beport <tf the Deputnunt ot 
Agrionltiiie, Bomlny Presidency, foi the yeu 1908-1909 

we find s Tery intereBting record of experiments with 
potatoes. If is s pity the extent of the plots »ad the 
Tariety of the manuies used, the cost of cultoie, and the 
net profit are not indoded in the retorns— ftU pointa of 
the gnateHt intemt to the Indian fanner. Howareri 
the pnrpow far which the ezpenments were undertaken 
appears to have been served and the results maj open the 
eyes of those hitherto contented with what after all 
must be considered poor harvests. 

As it will certainly serve a usefnl poipoBe &e re- 
sults are embodied here : — 

" This is a veiy itaportant crop in the neighhoarhood 
of Belganm and Bhaiwar. The department has rented 
a plot of 5 acres at Belgaum and the Ist crop waa taken 
during the year under report. The looal eoltivatots al- 
ways porohase Itaban seed for sowing at Belganm and 
theprodtue of this is sown at Dhaiwar. Sded canniot 
be retained fron one seaeoa to ano^ omo$ inseei 
•ttacki in the itoni, whioh are not well pioteoted. 

»' 

With the object of ascertaining whether Italias 
■eed {■ the belt fox the pnrpoBe, ft huge ninnher at vari*- 
tiei obtained fnnn different parts of India and also fcom 
aoD^ of thefamnu Etuopean Potato Disitioti) wecf 
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fiowa on anull plots, and tht following Htatemaat oom- 
pnseB those nrietiM wiiioh gave the hart outtonu : — 



Nune of Variety. 


•ucglBtCr 


xiciu. p6r 

OAK in In 


Dake of Cornwall 


79 


88.113 


Korthem Star 


S3o 


33,800 


Early Boss 


aic 


23,746 


Satton'e Saperlative 


73 


23,620 


Windsor Castle 


75 


22,154 


HymalianOId 


54c 


23,000 


Bnrbank 


92 


20,470 


Sootch Ohampion 


84 


20,000 



Besides these a large number have yielded over 
10,000 lbs. per acre. It will be seen that the high- 
est yield amotmted to abont 15 tons per acre which must 
he considered very satis^tory. 

Italian yielded 12,811 lbs. which was conaideiably 
leBB than a large number of other varieties. If these re- 
sults are confirmed this year, it will be a matter of care- 
ful eoDsideiation whether some of the best yielding 
varieties should not be distributed to aultivators and the 
latter recommended not to grow the Italian Tariafy." 

There are, however, other factors which have un- 
fortonately to be taken into account, yiz., (a) insect at* 
taok and (i) rot. Many of theae vozietieB are sabjeot to 
rot ; P^hmari, which yielded a crop of 15,756 lbs. per 
acre was the first to become affected with rot whioh 
ooemred only a fortnight after the crop waa harrested. 
The En^ish TKieties followed amt a tittle later, bat 
these are more resistant to insect attack in the godowns. 
It has been frequently observed that varieties witii deep. 
Mt e^es «e most mbjeot to inseot ittM^ and iU« 
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observfttion w&b again confirmed this year onder i^cfft. 
Most of tbe English varieties have shallow eyes. In- 
vestigations will therefore havs to be contisaed till a 
food yielding vuiety, xesittaQt to zofc and inaecfc attaok. 
haa been foniid. - 

At Belganni, pottbtoea are grown as a rabi crop, 
vith the aid of irrigation, while at Dharwar they are 
grown as a run crop without inigation. In the year 
under report potatoes were grown in black sbfl (the 
brm site) and in red soil (Kelgeri site). The produce of 
the crops grown on theae twe soils were kept separately 
until it was required for sowing at Belganm in the rabi 
-season. It was at this time that it was discovered that 
the potatoes produced in black soil had begnn to lot very 
rapidly and were also attacked by insects, while the crop 
prodncedin red soil, was in sound condition. 

An effort was made to introdoce this crop npon the 
Dohad Farm in the year under report and vrith fair sao- 
QWB. It was necessary to sow the seed wiUi only a 
limited quantity (5 tons per acre) ot farmyard manure 
and on land not previously cultivated for such crops. 
Fresh Italian seed was used and an outturn of S,62b lbs. 
per acre was obtained. The brown loams found in the 
Panoh Mahali are likely to snit thiB crop well where 
sufficient manure can be obtained along with irrigation 
facilities." 

The inteoduotion of potatoes froia Australia appears 
to hftTB been followed by a SQeeeorfal oultore of the 
tuber, to judge from the following that appeared in the 
Madras TimMoI the aSrd February 1910 >~ 

" It is now seven months since we pointed out to 
the pnUic-on the. authority of Mr. I. St^h^u of 
Ootaoamimd, the Urge- profit vhk^oan be madal^ilM 



intelligent enltiTator of poliatoea in the Nilgin's. Mr. 
Siej^nv. who i>m muob expanuioe in.ike maUer, pnb- 
lishM m junpUet to lefute a. tilwtmwii mftde hj tb* 
OoUMtor -ttut tiM pzodootioQ of improved seed potetM* 
from imported tabere has been a failure. His oollsotioa 
oCtuto Euid figures with regard to his own importatioii 
vi tdbm and the oropa obtained from th«m u oonTinouig,. 
and inepired, we hope, many others with the ambition 
of foUowii^ in his footsteps. A Q.O. has now been 
pnbltflhed, giving particulars about the most recent 
nperiment in imported tabers. On this ooouion the 
seed potatoes were brought from AasCralia and the' 
consignment was^handed over to Mr. Gleorge Oakea and 
pl&nted out hy him in September last near £athotty. 
The orop waa lifted on the 10th Jannar; and wm found, 
to be perfectly mature and free from disease. Mr. Oakes 
pnfcdown 18 cwt. 'Satisfaction' and lifted 73 cwl ; 8^ cwt. 
'BrowneU'B Beaatjr* and lifted 36 cwt. ; and 10 cwt. 
'Cambridge Kidney' which gave a retam of 26 owt. It 
is explained that the latter variety waa sown in poorer 
ami ; bat notwithatanding the heavy ooefc of breaking np 
and manuring new land, the estimated retonii after - 
dadocting expenses is about Ba. 600 per acre. New 
imported varieties invariably give small tubers at first, 
10 that these reiuroB will be coueiderably magnified at 
flia next wwing, if tidfiatent care is taken onlj to pnk 
down the good a&cd. This condition, as we have said 
bainn, is one in which the Indian euLtbatoc often faiU, 
for to bin pauiitaldag in amall matten ii too great a. 
lamtad effort. However there are plenty inteliigant 
giowere on the Nilgiris who may be troited to t^ a&- 
vantage of the new seed within their reach." 

If nalL fooe restdts as the i^ve eo wall, what 
ODght.te liB th« iietBiMe fiE<aa • iMdIr foad faitff^ 
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It o*n scarcely he said that English potatooa had 
not been tri&d in India before. A. took into the pigeon- 
holed leports will probably bring to light not only th* 
fftct ibat espdrimentis hare taken plaoe, but alio ths 
reawm why they have not been oontt&oed. 

In the Agricaltaral Glazette of VTew Haath Wales, 
Beptember 1S03, Mr. Gteorge L. Button, the Bxpeii- 
mentalist, Hawkeeboty College, oayg : — 

" PotatoM from England. — Twfilve variatiaB of 

potatoes, which haA been . presented to the Hon. 
Minister of Agricultare, by Messrs. Satton & Sods, 
the well-known seedsmen of Beading, England, oame 
to hand I>eceniber 6th, 190'2. These Taneties had 
been specially selected bo suit Australian conditions. 
They arrived in splendid condition, all varieties well 
sprouted, bnt hardly any decayed or injured ones 
in the whole consignment. They arrived too late 
for the early planting ; they were, however, care- 
{nlly preseiTfid and planted as soon as weather condi- 
tions wonld admit. It is to be regretted that shortly 
Eifter the plants appeared above ground a alight beat 
wave set in, which proved too severe for these unaecli- 
matised vanetiaB. The whole of their foliage was oom- 
pletely destroyed, whilst that of the acclimatised growing 
alongside of them was uninjured. This has seriously 
' affeoted their yields and it also iUostrates the value tA 
acolimatised seed." 

The best seed should be chosen. The important 
points to be considered are : — 

1, - Ability to withstand disease. 
8. Inerssse <rf harvest. , 

8. A.b&ity to get large potatoes oontaining mooh 

stacob. " ' ' 
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4. A batter form or shape. 

6. Early ripen«ra. 

6. G ood-keeping powers. 

With the some oare und culture the diSerenoes due 
to ohoicfl of SMd per acre in the faarrcBtc have reached 
Alms per aote is Q'ennany. 

The experience of polaUi f^rowcire all the world 
OTBC points to the necessity of oarefol selection o( the 
moat aaitaUs seed. Of course this is qmte in accord 
vith the nsoal principle in dealing with all crops, hat 
as the potato plant has to depend upon iia 8e?d for 
noorishnient foir a longer pf^riod than the generality of 
][^ants, all the more care ehoTild b% tsJran to have a 
healthful tuber wherewith to generate a large, paying, 
healthy crop, hardy enough to be held over for the next 
planting. Experiments nnder eqnal conditions of soil, 
cHmate, etc., go to prove that, good seed, soil, maaonngi 
culture, etc., being the same, the harvest varied accord- 
ing to the size of the potatoes sown. 

When seed weighing 3'I to 3'5 02. were sovra, 
taking 100 aa a standard, those weighing 2'S to 2*fi pro- 
doeed 91*86, and the smaller weighing 1'4 to 1*6 pio- 
dnoed 66*04. 

About 14 cwt. of sets should be employed as seod 

per acre. 

We see from the Beport of the ijombay De* 
partmeat of Agriooltnre that the seleotiaii of the seed 
hu * great deal to do with the harvest return, and that, 
even with the Med selected, the size of potato planted is 
equally telling in the crop. 

It a^ears advisable to use medium sizes invanablj, 
for thiB p^ biart. Howerer, we molt not depend ncHAj 
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OQ the size of the sa«d potato. Bvcty Urmsi kbowa the 
importftrica of tillage, manure, and the amtslnlity of soil 
and cUioftte. Sooner or later the young plant will hay« 
naed np all the nonriehment oontained in the aeed and 
must tarn to the soil foe support. If then the Soil does 
not eonbun all 6he plaat-fooda neoesaary for the noohBh- 
ment of ihe inber in flaffloieat qnantifcieB and in available 
form, U u naioial that an interruption in its growth will 
enane, and a poor crop wilt follow. 

In its wild etftts the plant was found in Chili in 
Kouth America, in Limn, and'New Granada, and at high 
altitudes in a drjr climate. Other species were found by 
Darwin on the sea coast in th^^ Chanos Archipelago, and 
he notes that "it is remarkable the same plant should 
be £oand in the sterile mountains of Central Chili where 
a drop of rain does not fall for more than eix months, 
and within the deep forests of these Western Islands, 
the Ohanos Archipelago. 

Baleigh introduced the tuber into Ireland in 1-585 
and its oultiTation has sinoe spread not only over Eorops 
bat all over the globe. Germany alone prodnced in 1009 
no less than 48.000,000 tons, 

Here in India it is highly cultivated in the Hnghli 
and Baxdhwan Districts where the cultivation is increas- 
ing rapidly, in Assata, where two ocops are raised in 
one year, in the hills of the United Provinces, socb as 
Nainital, Almota, Paori, Lormgat, Museoorie, and in the 
plains, and about 12,000 acres in the Bombay Pcesidenoy, 
prinoipt^ around Poona where ll^ly 90 pex oent. are 
to be foand, though small patches are to be seen near 
Ahmednoggor, Satara, Ahmedabad, and Eaira, 

It 'is astonishing how restricted is the eoltivation c£ 
the ]^aio.ia India, when we bear in mind that Hindu 



Mt potatoes on days of fast when gcain is forbidden, 
uid it is found to be one of the best paying at ftgsiooltar- 
al prodncta round Foona. 

Bat to those who blame the natives of India for 
not accepting plants that aru new and appaj^ntly bena- 
floial to the rn^ popalation, the history of the spread 
of the potato cultivation in Europe, oi r&thBi- the diffii- 
colty id getting the farmere to grow it, will be exceed- 
ingly osefnl reading. Prejudice in ihia respect is not 
oonfinqd to liidia. 

Already in 1493 Peter Martyr mentioned the potato 
in a letter to the Archbishop of Grenada. There he 
calls it agias. The original name was papas. These 
were dried in the sun aod then reduced to inecd called 
Ghana in Pern. The Spaniards termed tiiem Batatas 
which is the name of the sweet potato. The English 
twisted this into Potato. The Italians finding tbem 
resemble truffles called them Tartnfi and TartofoU, 
hence the German Kartoffel. Though Hawkins, the slave 
dealer, introduced them into Ireland between 1545 
uid 1565, aud ptaieed their worth, the farmers of the 
eonntry would have nothing to do with them, and H 
was only after they were grown by Raleigh on his farm 
at Yooghal in County Oork, thnt th<> people followed the 
advice to (jrow them ; but an late as in Queen 

Anne's reign they were rare enough to cost 38. a lb. 

Even in 1603 the Royal Society in England endea- 
TonredfWith little success, to introduce the tuber as a 
means of fighting famine, but the farmers did not take 
to the fox^gn root. 

It waS: as dilhcult to intruduce into Germany as 
tobaeoD. 
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Its ooltoxe vgnmi in Bavaria by tha end (A Uie urea- 
tesnth century : in Baden only about 1740 thiongh 
tiie inBtrumeatality of a woodhew«r who died in 1608 a 
wealthy mm. 

Viedrick the Great knew the vahie of potatoes ai a 
food during tbe Seven Years' War, and insisted that the 
peasantB Bhoold be dragooned into growing it, with' the 
remit that during the famine of 1770, whilst Bohemia 
lost 180,000 men and parts of Silesia 100,000, in that 
part of the country where potatoes grew starvation was 
unknown, although 20,000 immigrants enteced it from 
Bohemia. 

^Thongh grown in 16S0 in France, its spread was 

very alow. In 1791 the Academy of Besau^on offered 
a prize for the best substitute of cereals in time of 
famine. Parmentier got it for his essay on the Potato ; 
but he had to resort to a subterfuge to induce the peas- 
ants to sake to them. He ha.i it announced all over the 
country that a severe punishment would follow the theft 
of potatoes, and then they were stolen and grown over 
considerable areas ; but it was only after the famine of 
.1793 that the growth of the potato became general. 

If in the midst of the boasted civilization of the 
West it was so difficult to introduce the nsefol, almost 
necessary potato, ought we not to think twice before 

blaming the Indian raiyat becauBe he will not at once 
take up everythiog we offer him as tending to his ad- 
vantage. ' , ' 

The diffioalty of eonserringt^id the nwessity of 
importing th« seed annually may be one of the reasons. 

As might be expected in readii^ the history of the 
tuber, it agpeKs to grow best in India at high altitudes 
as iidUtb its native home, and there ia little w^ite 



tint in JffthriialMhwu il grom ao' liege ftud; to wdl- 

flsnrared. "The Bame iKfonad in the hills in tha-Kwih'. 
W«tt where thie potatoes ate so good a» to teltdi 
Uie pnoe obtaiiulde by thoee onl^Tated in tha {daiini. 
Even in Burma the same faol> ia established, the crop 
in the Karen Hills daring 1S88 having been nineteen- 
fold. 

When anything ia done in India cuitru; to scien- 
tiAo piiuv^ea of fiwming, new oomera are apt to jump 
to the conclusioQ that the aotion arises from ignorance. 
But the fact is that poverty and the necesnty (or 
immediate gain is uften the cause. 

Thoogh small potatoes are sown, the farmers khow 
peifeeUy well that middle-sized potatoes fetch a better 
price in (be market and the money is needed at once. 
If one took the trouble to explain the advanti^e from 
naing the potatoes as seed instead of selling them, ao 
that a mnch larger gain wonld reantt when th« new 
cxop was obtained, he wonld probably be met with the 
vernacular rendering of " Live hone and yon will get 
graaa." 

Evan where for years potatoes have been grown by 
good farnien, (he «ar(h ia often removed from (he large 
tubers, while the pkote are still quite strong and healthy, 
Wkd thoogh somewha,t immature they are raised and 
iold in the early market at a high price ; the parM of the 
^aot immediately above the gronnd ore then nmred 
with earth and the fields are watered, so that a second 
eup fit middte-sized potatoes is thtu obtained and may 
be k^loEseed. 

Shc^h iitMe care is t^en in the «elec(i<m ot aesd 
QiTieh is done to pjBssenv, them. 
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One (rftiw peculiftrities of potato-growing in BBBgal 
isvolu iiot«xplatiiel by aoo«pt«d agriealtand eeienoe. 

Kot only are potatoes grown in the BRme field y«aK 
after year, bat experience ahowa thftt a oewly-bEokm 
field doee not give a good ontfeom. Watt in hii 
" Diotiooary of Economic Producta " atataa that " pota- 
toeBeregenerailygrawn after ^lupaddy asa second orop, 
bat a field' which grows only potatoes gives a better crop,' 
and, oD aaoh a field, potatoes xmy also he grown mnoh 
earlier." 

Only experience can show wh<H;e this practice 
shoold cease and rotation or fallow be introduced to 
avoid the dreadfol dieeaae ot cot known to the raiyat ae 
Dhasa, which makes its appearance just below the 
giouod, caases rot beneath, and dries the upper portion 
of the plant. Whole stretches <^ potato-growing fields 
are completely destroyed by this dieeaHe, and the loss is 
iaunenBO. 

In Assam it was so virulent in 1887-88 that the 
crop turned oat an absolute failure. Old fields were given 
up and new seed imported, and in the oonrie of two or 
three years the disease diwppeared. 

Her© we have a remarkable similarity between a 
five months' crop and woods of hondreds of yeacs' 
growth. Foreshadowed by De Candolle and treated of 
by Jaeger in his " Sonl of Plant Life, " it was lately 
scientificallyehown in America that plants excrete. Dra. 
Wilfarth, Wimmer, and Hoemer all but came to. this 
conoltuiou .when treatii^ of theraotioa of potash as a 
carrier of nitrogen, in their book on the " ABsimilation 
of Food by Plants at varioas Stages o£ their Growth." 
In this it is clearly shown that the less potash u pboad 
at the diipoflitioB of pleats, the mprenitrogm nitunBio 



wL ^CWl it wh»t we like, (he matter retained to 
.tiw wxl u aB;eserstioii ^ter it has been used in the bod; 
. (rf .the ^ant aoct is got rid of, probably vastly ohanged, 
,wli«n.iti work ia done. As in animal, so-in plant-lila 
emanfttioQs are pleaeant when not overcoDMstrated, 
hannful when there ii an aooumnlation of too mooh of 
tiiun. The exerota of plants and the emanaikma from 
them are rendered harmless to a great estrait by the 
soil, and by other plants that feed upon their excreta. 
Certain trees, like the fir and the pine in Europe and 
the Casnarina in India grow poorly when alone, and 
reach their proper dimensions only when grown to- 
gether in nmnbera. But even these die down in 
coarse d time and woods of quite different Bpectes 
f(^ow. To say that they have exhausted the soil can 
scarcely be an explanation, for they have drawn from 
the sab-floil the elements of nutrition, and, with the 
falling needles or leaves, have enriched ibB humus of 
the sotface on which at least yoang plants should thrive. 

It is evident that a certain concentration of emana- 
tions is helpful to such plant-life, but that a time comes 
when overconoentration takes place, and disease and 
death firflow. and the land is unfit for propagating the 
same species, though a different tree, that, aa in the case 
oC animals, doae not find the excreta of another plant 
baiionB, will thrive in ita plMe. 

This is the only explanation we oan at present find 
for the improvement of the potato crop an3 its early 
matorityon lands where potatoes have been grown 
Wore. As with other crops it also explaine disease and 
'ftsath from an overeonoentration, and it should be the 
aim of ^rioaltnrists to ascertain at what period over- 
concentration of the efBuvia from the roots '<tf tubers cpf 
«biB pairtiealar plant is likely to fedce p§M. 
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Dr. Watt »7B : — " The diseaae u wj probably 
]|^K>]pigftted in the tubers" and thooghrae etetenient 
w ndB " It doei not seem that ih» diieiio ii mdao.ed w 
■fen inflnensed hjKtj peoaliaxitiM of the aoU «nd 
oUttate," what follows seems to point to one of the 
oaoees when he says; " if not iaduoed it ie much aggca- 
mted, hj ooatiniunu heavy showen and high tempaift- 
tnxs in the months of Shravaa and Badia." 

Under saoh conditions aeration of the soil is practi- 
eallj pnt' a stop to^ and the lesalt will be qnite in aoooxd 
with the theory advanoed above. 

It is very probable that the introdnotionot charcoal 
into the ma,iiureB wi!t help to stave oS if not completely 
destroy the chance of a recurrenoe of this fell disease. 
Similar climatic conditions in Ireluid have brought 
about the dread potato blight, and its conseqaenoe, 
famine, and if burning the soil to gel rid of the plant 
emanations be too costly, the cheaper form of deodoris- 
ing by charcoal woald probably have the desired (Meei. 

The Indian peasant is by no meaoB ignorant of the 
manorai neceaaary to raise a good- crop <d potatoes. 
Though he cannot get artificial phosphatio and potassio 
fertilizere, hie choice of snch natural manucee ae ore at 
his disposal are esoellent. He applies well-rotted dung, 
mustard cake, oastor oake and ashes, generally preferring 
castor cake in Bengal, for it containe a fair supply o! 
phoBpborio acid and potash, an addition being made to 
the last nameS by a quantity of obwdoi^ aehes. Ifttng 
is never nMd nnlees it be in aweIl-roitedBtate,aaditii. 
incorporated with the soil long before the potatoes are 
sown. Green manuring is foi^nd only in the best potato- 
growing villages. 



Of ooune ^Mnoont of miuniw used iv Mgalated, 
W vitit otisei crop all over the ooantry, not bjr tiM 
seqairemeDts of the soil or crop, biic bj the means altiw 
oultirator, which, as a rale are very restricted. 

GenerftUf about 20 maaads (1,600 lbs.) ol dang and 
8 to 10 mds. (640 to 800 lbs.) of OMtor oake are xtud 
per bigfaa, and to avoid any lose oi nitrogen, half ths 
c^e is used at the time of planting and the other half 
with the second earthing ap. At Naliknl, the greatest 
potato-gzowing village in Bengal, green manuring ia 
sometimes resorted to, indigo seeds being thicHy broad- 
casted in the middle of May and the plants ploughed in 
about the middle of July. 

The outturn in good years, when siekneas has not 
attacked the plants is about 4,000 lbs. though in some 
places noted for careful cultivation as much aa 6,400 Ibe. 
is obtained. Tha.t this return can be very greatly in- 
creased is evident from the harvest obtained by ila. 
Whitcombe, Assistant Settlement Officer, whose experi- 
ments, according to Dr. Watt, in his Dictionary of 
Boonomic Prodoots, show a record of 12,000 lb. 

iffiU potatoei, .Booh as those grown at Mahableshwar, 
Nainital, HuHocKee, eto., are larger and better flaTonzed 
than those grown in the plains, but in the Xorth, even 
these are deteriorating rapidly, and in the bouth potato 
diiea m has shown itself to a great extent in the Nilgiria. 

It is to be hoped that the growth of the tuber will 
spread n^idly in the country whenTerthesoii aUowy.of it. 

Kanlau soils (those oontaining lime noduke) are 

considered by the natives unfit for potatoes. Iron .emd 
ioline soils are also not used, a sandy loam ^of fine tex- 
tnze being regularly dioeen. ' , 
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Tit» following lesilet No. 10 of 1910 w^e ixfaM by, 
tii6 DepATiimsat of Agticoltace for the benefit .ot.oa^- 
vatoEB in the Bombay Preaidanoy : — 

" Fotatoee ue eztenstTely cnltivdted in the Fw»u 

Difitrict, and to a leas extent in tha 9^,tara, Belgaum 
and Dharwar Dintriots. They gxow well in a good red 
soil, in a miztara of red and black nail, or in eandy loam. 
The crop is osoally grovn as a Rabi crop under well 
irrigation, but may b? grown m a Karif orop where the 
rain ia favourable as in Belgaam. 

Cultivation of one Acre of Potatoes. — Get liOOO Um. 
(rf potatoes as seed. Cut ea^h potato into aeta. Calti- 
mte the soil well to a depth ot 8 inches, ploaghing two 
or three times. Iffanore with 30 cartloads of well-rotted 
farmyard manuie. Make a furrow 4 inches deep, plant 
tile setB 8 inches apart, make the next furcow 10 inchds 
from the first, and in doing no the earth will cover the 
first farrow. Flan"' thti second furrow as the first and 
continae tn this way till the whole field is planted. 
For irrigation, beda are made 3 or 4 feet widt>. Irrigate 
every 8 daya. A dressing of hoasehold ashes or erode 
nitre is very us^^fal. Weed the gcoand well and earth 
up the potato plants onoe when they are 6 or S inches 
high, and again aboiit a month later. Another, and 
probably better method is ridge auliivatioo. By this 
method make ridges 18 inches apart with a amall plough 
and «roS8 furrows IS iuchee apart for irrigation and 
make beds containing four ridges Plant sets 1 foot 
apart on each aide oi . the ridge, halfway between tha 
crest of the tidge and the bottom of the furrow. In 
this way-'the sets arp kept salhoiantly moist for germir 
nation but an not snbmeiiged. 



"Whm the Iwtm witih«i, wrtmng may be atoj^ad, 
imd when the «oil is dry the potatoes may be ^DiiglMA 
or dug up. 18,000 lb. per acre is a good wop. 

The crop suffers from two dieeaaeH : — 
. (1) The King Disease. — To avoid this, get fresh 
Italian seed, if possible ; and when yoa cat see that the 
seed is not disesoed. If ring disease oecors in a field 
one year, do not plant potatoes there again for some 
years. 

(2) The Potato Worm.— The potato auSers much 
from worms which make holes in them in the store-hotue 

and sp<nl a large part of the crop. These worms come 
from the eggs which a. small brown moth lays on the 
potatoes. No worms can get at the potatoes unless the 
moth can get at them. To prevent the moth laying eggs 
on the potatoes be careful to earth up all the potatoes 
that may appear above the ground when the crop is 
growing, and as soon as the crop is dug ap, put the 
potatoes into sacks. Do not on any account let 
the potatoes lie in the fields at night, or store them in 
heaps where the moth can lay egge on them. If you 
pnt them in saoks they will be quite safe. 

It is probable that potatoes woold be found a paying 
crop inmany parts of the Deocan and Sonthem Mahratta 
Country where there is good thiI soil, aud in sandy soils 
in the Koakan. Anyone requiring help to grow this 
nop shoold apply to the Director of iLgrieulture, Poona.^ 

The Potato Worm. (Karese BaUte Hola.) All 
enitmitdn who grow potatoes know the small dirty 
greyish worm which is found in large numbws in the 
fibers espeeklfy when these are stoved for a liHig time 
in the godowns. Toe are all mil avase that it 1M 
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impossible to pCMcrve seed potatoes from harvest time 
to the nest sowing season on aoconnt of the dctmage 
done bjr this " worm " and you therefore pa; highly for 
Inehltftliau aasd imported every jme team. Bomlwy- 
Carflfnl cultivators may havo noticed that the^E worms are 
first Been opon the leaves while thd crop is still growing 
green in the fields* Afterwards yon may have Qotioed 
these worms in the green tubers which have become, 
thioagh aecident, exposed to view, but if you look care* 
fnily you will never find the worms in the tabere which 
an well covered np with soil ; and the reason fbr this 
ie that the worm hatches out from the egg of a am^l 
moth in the same way that a chicken hu.tcheB out from 
a hen's egg, and, as the moth does not go below the soil 
it cannot lay eggs on the tubers which are nndei the 
groond. 

Caltivators are in the habit of mixing all the tubers 
together at harvest time and this worm spreads from 
the green .tnberB to the sound tnbers and soon a lai^e 
nomber of inbeiB become infested with " wormB." 

In a bad year this " worm" will destroy more than 

a half of the whole produce ; a good crop is 400 mannds 
of 26 lbs. each, per acre, worth at least Hs. 300 at the 
moderate price of 12 annae a maond ; therefore the 
cultivator loses Bb. 76 per acre. 

The' Agriooltiiral Department have diBOOvered means 
of preventiog this wurm from doing damage to the 
tnbeTB and good eultivators should Adopt the following 
moBBiires : — 

(1) Sow the potato seed deep, 

(9) At weeding time.oover up all exposed taben. 

(Sji, Heap np the s(h1 in ridges alongfbs potatotows. 
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(4) The potatoes as soon as they are dog up ilundd 
be c&rried away at once to the godowns and never left 
even foe a abort time exposed on the field, 

($) Always etoie the ganuy b&gs in a well ventilat- 
ed room And torn the potatoes out of these ba£i tA luat 
onoe a month, when any potatoes which may have 
become diseased should be removed and the sound one 
reinmed to the bags which should at once be tied up. 
Only open one or two bags at a time in case any vonn 
in one bag ehoald find its way into another bag. A gonny 
ba^ holds 120 lbs. and costs only 4 annas and therefore 
gunny bags to hold the prodnce of one acre will cost 
Bb. 120 and thMe will remain tn use for several years. 

(6) Never pat f reeb tubers which have remained 

exposed in the held in the same bag as the sonnd pota- 
toes as the worm will corae out o£ the green potatoes 
and enter the sonnd on^." 

Thoi^h the tiials with Bnglish potatoes have shown 
erops ranging from 20,000 to 83,000 lbs. per acre on small 
trial plots, as they were not proof against insect pesta 
and rot, the I>aparImeDt has been wise to postpone their 
diitribntion among the Borroonding farmers. 

That the Indian raiyat can prodnoe a fair crop ot 
potatoes with the means at his disposal there ie no 

doubt. If he knew more about th<; value of phosphoric 
aoid and potash and the use of concentrated nitrogenoos 
fertiliieEi, he would probably not endanger the otopa 
by ovefdoset of tUtrogenouB memires that are often tho 
eonss of rot and probably are coadociTe to ring d i ee o w. 

It is not the healthy potato that attracts the Worm 
bat such M have been grown with the aid of iil-balauced 
feitilisen. 



In Crop EKperimeats, Bosdkjr FMiidaariy, 

1890-91, we find that at Khed (Poona District) on' 
«ood, deep, black, gSrrden soil, growing dtuingi.tbe &>ar 
^seoeding yeara barjri ao "kharit and potatow m wiiA 
-waather otopH, an ahcit) irrigated from a w^ll and inanuu- 
■ed with 32 cartlOftdB cowdimg, ate. produced 10,940 
lb. of tabera, of which ti,92U lb, were fitsts, 2^ lb, 
aeoonds, and 1,220 lb. thirds, and this was only an eight 
anna crop ; so that 10 tons of potatoes pec acre it not 
an noknoWD crop in the country. 

The question ot m&narjng'ia aliimportant in treat- 
ing of oiopa in India. OultivatiDn ia well Tmderatood, 
bat additions of artificial fertilizers and the replaoement 
■at farmyard mannre by them is not sufficiently well 
known. 

Now, in all practical farming, experience is general- 
ly the moat reliable guide, and the suocmfnl farmer is 
■one who pro&ta 1^ experience — not only resolta on the 
home fann, but the experiments made elsewhere. We 
all want experience, but life is too short for each fai-mer 
to oorer all the problems of the soil, and he most use 
more or less the knowledge gained by others. It is 
advisable to adapt what others have learnt to your own 
■oiromnstances. This can only be done by repeated 
experiments. Soofa work is osefnl even if sometimes 
we do not enoceed- The reoord and obaervation of 
what has been done will always be of vatoe. It will be 
known what has been tried and what has failed, and so 
need not be faied again; also what has suoceeded and 
may possibty meoeud under other oiroiunBtanaeB. ^ 

The satonishing lesults obtained by the oae of a 
few^hondzed weights of artificial fertilizes added to a 
modatato usonnt oi oattle mannre will not be cpaay 
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belief«d.1)7 lutiTM of Indi*. Fottonately Uu axpad- 

menters wad tbe reporters of thrae experiments are alike 
well ImoFn people, and florae of the camee aire thoee o£ 
noted KMntiita in Agrionlture. Once the Indian xujKk 
nnderstaode wbftt profits can be abtatnod from an aoze 
he will certainly take to the new fertiliaera. Wherever 
expeiimentft are ondertaken we find Ibe e&me good 
remits, end there is little to wonder at. Everywhere 
the UQmsnared plrits art^ Ioqb bekiw the manored plots 
in the harreat, and an average of 10 tons cattle dang 
together with a few owt. of artifioial fertilizers gives a 
Bj^endid and ptofitahle resalt. 

Beferring to Wolff's tables we find that in IfiOO 
parte of air-dried eobatacce ef the plant there are : — 

Nitrogen ... 3*4 per cent. 

Phosphoric Add ... 1'6 „ „ 

Potash ... 5-8 „ 
and that of the ashes, tiz,, the mineral portion (f^en 
from the boil, 

16*6 pec cent, is phosphoric aoid and 

60'0 „ „ „ potaeb. 

The amonntB of plant-foods taken from the loil by 
one aoie potatoes, yielding 200 bushels ate : — 

Nitrogen ... 86 Ibe. 

Phosphorio Aoid ... 18 „ 

Potash ... 60 ,, 

and Professor Maeroker demands lor a fall crop a manaie 

containing : — 

Nitrogen ... 60 lbs.' 

Ktoaphorio Add ... 34 „ 

Potash ... 80 „ 

The cea»on why snch large quantities are mquited 
compared with thoie tab^n np by the crop u ample. 
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AU the ^ant-food is not available for the first orop ftod 
mooh of.iilw intEOgen is loBt in dxUBage, S» xwQn-< 
mends 8 to .5^ tons of the best iarmymtA nnnv*^ 
nqiplemented by oommercial tertiliEen. The vxpvof 
ments have been moat ca>refnlly carried oot, end oom- 
pafieons made between manures used singly or ixt 
incomplete gioaps, and others that fonned a complete 
fertilizer, and the latter were again tried in rarying 
qnantitiei and proportions, till an almost perfectly com- 
plete mai well-balanoed manure has been obtained. 
With refeience to the price .of commercial fertiliKere 
uaed principally for their potaah aod phoephorio acid, 
it muet be borae in mind that a> fair residue is left in the 
soil for a subsequent oiop, sometimes for two or more. 
Of varioas experiments with incomplete fertib'zera, those 
of Dr. Aitkin, recorded in the Highland Society's 
TraossetionB of 18B7, are decidedly interesting : — 

A complete manure gave ... 7 tone 3 cwt. 
One without Phoephorio 

Acid ... ... 4 19 „ 

One without Nitrogen ... 4 „ 9 „ 

One without Potash ... 3 „ 1 ,,. 

Those of M. LeHenry of Ferre are quite telling : — 

1. TJnmanoced ... ... 4 tons A{ cwt. 

2. Manured with farmyard 

B. The above and 480 lbs. Banc 

Blag 10 „ 14i ., 

4. . Manured as in plots 2 & H% 

HO lha. Nitrate of Soda ' 11 „ 184 •> 

5. Manorad aa in plots 2, 3 4 

k 160 lbs: Sulphate of Po- 

tMfa per abre ... 19 4 .17 ./„ 

UK - • 
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Mr. T. C. Bawicddt, of Mount G&mbil,, osed 1 cwt: 
olibcme dast as a manore for wheat, and the mnltitig 
onp of potatow Bown altei, wa>6 6 tonB. Witb 5 cwt. of 
bow dost Out oBop wu 8 tonfl. 

-Th« fdlowiBg experiment with TarioU 'fertiluen is 

worth attention. It was a test plot, that is an «ven level 
tcaot of land wae divided into six eqaal plot;*, end treat- 
ed with iertilizexB, the caltiTation, being the eame on 
•U plots. 

Total Mukablfl 

yield. tubera. 
Plot 1. No Manure ... 17 cwt. 10^ cwt. 

„ 2. Ammonia, Potash 
and Phosphoric 

Acid 1 ton 6| „ 1 ton 1^ „ 

„ 3. Ammonia and 

Phoaphoric Acid 1 „ 2 „ 0 „ 17i „ 

PiQt 1 shows what the unfertilized soil will produce ; 

S wlwt nitrogen and phosphoric aoid did towards 
inanaaiiig the crop, and plot '2 shows wlurt potash, when 
added to the fertilizer used on plot 3, and thus complet- 
ing it, did towards increasing the yield. Without potash 
the £srtiliEer inoraosed the crop of nutxketable potatoes 
62' ewt., bdt by adding potash the crop was mcceased to 
12i cwt. over the yield of the nnmanured soil Without 
fertalizera only 61 per cent, were marketable, with in- 
oompleto fertilicen 80 pec oent. were marketable, bat, 
by adding potkah, 87 per cent, were marketable, and at 
the nme tinie the. ocop was inoreased. 

The season was very unfavourable through drought 
and the crop a failure, as can he seen from the low ^eld 
of potatoes. ^ Upon harresting, the land WMf broken and 



town to iariiip6, vritKoat additional fecbiliz«irl foli 
lowing ue the XMottfl :— 



■ 


Total oiop. 


toniipB. 


I. No Uanore 


I ton Oi owt. 


0 tons 7} owt. 


„ 3. Ammonu, Potash 


and Phosphoric 






Acid 


3 „ 9i ,. 


3 „ 4 „ 


fi 8. AiQmooia. and 






Phosphoric A,cid. 


2 „14i 


2 „ 2} „ 



The nnfertillEed soil, plot I, produced bat 7} ewt. 
<tf muketable roots, while plot 3 with an inoompUts 
manure, gave 2 tons '21 cwt. By adding potash this WM 
incceaaed to 3 %ona 4 cwt. Without a fertilizer, only 37 
per cent, were martetable ; with an incomplete mimare, 
plot 3, 78 per cent, were marketable ; by adding potash 
d2 per ceat. were marketable, and at the same tim« 
nearly eight timee the marketable crop was made. It 
mnst be remembered also that for both crops there was 
only one application of manure osed. 

The fertilizer supplied per acre was as follows : — 
On plot 9 600 lbs. superphosphate and 180 lbs,, 
nitrate of soda. Plot 2 received the same application, 
and besides 120 lbs. muriate of potash in addition. Note 
the gam due to the addition ol! 120 lbs. of mUTtate of 
potaah. This fertihzer is about the same as a commer- 
cial tertili»r testing 

8 per sent. Kitrogen 

84,. „ availaUe phosphoxio add and 

9 ., „ Potarii. 
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The CnpK koA Noith of Fife Agnonltoxal Ajutxur 

Hon Societ;^ iLimited) had a very intflreating competi- 
tiDD ia ttifl growing of potatoes, the Stoadart Potash 
Syndioite having given prizes for ibe beet three eotM 
of potatoee grovrn with the aid of potash in any form, 
half an acre to be grown alongside the plut without 
potftBh. The Jadges — Messrs. John Lawsoo, Falkland 
Wood, and John L. Brown, potato mezcihant, Gapor, 
iuned their report. The prize winners were: — 
1st — Alexander Orchison, Torr of Moonsie. 
Tons. Cwt. Qra. 

16 7 1 Maincn^, ware, 

17 8 „ se<»>nda. 
11 8 xefnee. 

16 16 S 

2nd— William Watt, Mi£ldle6eld, Cupar. 
Tons. Cwt. Qrs. 
14 7 1 Up-to-date ware. 

18 2 „ BecoodB. 
IS 1 „ Tflfnae. 

16 1 0 

3rd Prize. — 4. 4. Edie. Oornoei'ea. 

Tons. Cwt. Qrs. 
14 16 2 Q-ood Hope ware, 

t 1-2 I „ „ seconds. 

6 0 „ „ refuse. 

16 . 14 8 
4th PriM.— D. M. Kerraoher, Mayfield, Ceres. 

Glorye, ware. 
„ seoondi. 
,, lefoBe. 



Tons. 


Cwt, 


Qrs. 


.19 


4 


0 


1 


10 


3 


1 


1 


2 


Total. 14 


16 


1 
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Th* jndgw iddihe followiag report "la Tahnng 
crops we valne mstineropa 10 ab. per toa more tb»a 
otbei kinds. All over the ezpeiimant has been » grofrt 
•nooan. On exuainuig the Tarioiu oropi torwui 

for competition we foand that tfao«e crops wh^re potash 
lud been applied ihowed a great impiOTemant in qoality 
and qnantitf ' in oontraBt with tlw erops where thii 
agency ma aot applied. Nevertheless, the increaM 
varied a great deal. For inaiance the highest and low- 
eat increaeea were 62 per cent, and 8 per seat, cespect- 
ively. The syetOfgi inoceafle all over was 16 per oeni In 
those crops where potash was got applied, second growth 
was very evident, and seed was more plentiful than the 
cropa on which the potash was applied. In Bome caaea 
on high conditioned land, the increase wob not striking, 
but on less oonditioned land the increase of m&rketable 
potatoes was eapecially noticeable. The good resolts 
aecnung from the application of potash more thui 
compensates for my outlays. 

Beeolt obtained in 1903 on Sandy Loam, in fair 
oonditioa by James M. Scott, Esq., Crookes, Newent, 
Gloucestershire : — 

Mannre applied pec Weight ci Potatoes pei acre. 

acre. 
6 Cwt. Basic Slag 

Farmyard Manure 
1^ Gwt. Sulphate of Fotaah 
1} Gwti Nitzate of Soda 

Farmyard Manure 
1} Owt. Sulphate of Potash 
li Gwt. Nitrate at Soda 

Inorease doe to the complete) 
mwnre J ItMperaote. 



6 teno. 



4 tons. 
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Jataa of )iw»M«-at 70f. per ion... £B lOt. Oii. par acre, 
port of 6 cv>t. Bauo (BO-^S 

per cent). ... ISs. Od. ». „ 

Profit by completing the manure... '^ 10s. Od. „, „ 

Basic Slag applied on 14th April. Potatoes dog 
xaiddk <d Augast. 

Besnlt obtained in 1903, on rather Light Sandy 
Soil ia good condition, by David Holme, Esqr. — ^Hulme, 
Walfield HftU, Gogleton, Cheshire. 

MaoareB applied per W^ght of Potatoes per acre, 
acre. 

6 Cwt. Basic Slag .. _ ^ , - ^ 

5 Cwt.Kamit gg,^ 
li Cwt. Nitrate of Soda 

5 Cwt. of Eainib 8 tons 2 cwt. 

li Cwt. Nitzate of Soda 96 lbs. 

_ a 1 D ■ 1 ton 14 cwt. 

Inorease due to Basic ulag ^^^^ 

^4 X2«. 5<2. 

Valnfi of inoreaae at 6Si. id. 

per acre. 
;gO 16». Od. 

Price of Uono Slog per ^^1*. 

Profit due to Bouo Slag or ratheri £8 .17a. Sd. 
to complete manuring i per acre. 

Basic Slog applied on 25th April, Fotatoea dug on 
fiOa October. 

In 1902 Hr. B. B. Pennington, of EennedTviUe 

Maryland, made an experiment in fertilising potatoes. 
His soil IK a fair sandy loam, with red iday mb-aoil. 
He seleotfld a ptKtion of the field which was nniform 



-in prodQcyveness, and divided it into throe .0ota-4Bf 
ose'thitd of An aoi« each. Plot 3. recei'vad no fertiluvr, 
plot '2 EeceiTadi pei Siore, l'.^0 lbs. sulphate <tf potw^it 
100 lbs. saperphoiFhalie wd. 180 Ilia, aitnte. of fiod*. 

Plot 3 received the fiomfi amount of Bupe^hoflphate moi 
Nitrate of Soda as plot 2 but no potash. 

Plot 1. Ko manure 1 tea 3 cwt. 

„ 9. Complete manure S „ 17| „ 
„ 8. Inoomplete manure 

withdut potash 8 „ 8| 

One ton 2 cwt. the yield of the soil not manosad, 
and therefore the gain from fertilisers is as follows : — 

Tons cwt. 
Fertilized without Potash 2 
Fertilised with „ 2 15l 

The complete fertilizer produced 14Jawt. of potatoes 
extra. Mr. Pennington reports that the potatoes on 
fertilized plots were markedly of better quality than 
those of the unmaanred plot. The manare used was 
not excaasive. Many of the most succeaaful growers on 
Long Island, New York, use a ton and oyer pet acre. 

From the results it is clear that the profit ma^ 
was due to the manures, and the greatest profit was 
from plot 3, with 120 lbs. of Solphate of Potaih in a 
complete raanore, 

Proteasor Sohaeidewind of Halle in hie " Potaoh 
manuring on good soils", writing of the needs of the 
Potato says ; " Of all oultivated plants the potato stands 
most in need of potash. As a by^oal potash plant it 
requMs great quantities of this manure, yet assimi- 
lates the potash of the soil wprae even than the tuqip." 
Pt^atoes sM dEten''nkised with minersl fartiliws» ypOi 
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green muitues after red clover and Incarne atabUe, and , 
iriUi oattle nunore. Should the oattie masare nok b* 
febDndaot and if it be poor in poiashr enough potash irill 
not be plwwd in the soil to piodtue the higheit retain. 

Most interesting experimenta were carried ont by 
Sobneiddwind at LaaohBtadt fiinoe 1899. Qn the one 
hind oattle nuutnie was always need as -the fertilinr, on 
•bother plot (acmjard manure was neTer''aBed. On 

these plots potaab monurinf; was tried every year, m 
that its action with stable manure and withoQIi it coutd 
be determined. Prom the plots on which potatoes were 
cultivated from 1899-1903 withoat farniyard manure, 
better results were obtained ; on an average 7'72 tons 
tnbers and 1*274 tons starch. This increase was obtain- 
ed by the use of 6 cwt. of 40 per cent, potash salts, or 
similar quantities of potash in the form of kainit. De- 
dociing the expenditure on potash, viz. Bs. 6, a netextra 
profit TCTiained, per acre, of Hs. 49. We see from this 
that it would be a great mistake were we not to add 
potaah to the soils where potatoes are grown without 
potash manure. The potato requires very large c[uanti- 
ties of potash for its nourishment, which emt good soil, 
rich in potaeh, cannot place at its disposal. On good soils 
potatoes ate <^tea treated with green manorea, and the 
question arises whether it is neocBsary in tins case to 
use the Btassfurt potash salts. 

"With the addition of potash, as we have seen in 
the experiments noted above, the potato harvest was 
increased to an extraordinary degree, showing the great 

' adYantage gained by the addition of potash to the green 
macare. Sspectally where cattle manure is not in abun- 
dance, the effect of manuring with potash is patent, when 
added to the green manure ploughed in. But buides 

> the potMh, in «Mes of green munuriiig, tha tend tbqoirt s 
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ftnvdditionof^uMiphorioaaidandoCswDeaifcfQgeiL im. 

oao diatingnish potatoes grown where not mush potash 
was placed at their diBposal, the -reiy dwrk, nearly 
bottle gxeen iMTea, that are at the mme time ■mailer than 

ihoRE of plants well supplied with potash. Potatoes 
treated with plenty of potash and a safficiency of nitro- 
gen were noted for the light green ooloor ot their leaves 
and their larger eise. To inoFeaee the amount of pot- 
ash available for plant-food by larger amoants of farm- 
yard mannra is to waete the costly nitrogen contained 
in it adding to the soil more than the potato harvest 
reqnires. A little stable mannre can be added to the 
green manuring but very much is never advisable. We 
learn ^so from these experiments that when cattle 
mannre is used that is not rich in food atnfb, and eS' 
pecia.lly dung from which the mine has dmoed away, 
potash salts can be ased with excellent results, e^en on 
good soils containing a fair amount of potash as shown 
analysis. Potash wilt not be necessary as an addi- 
tion to the manure if 16 to 20 tons of good cattle manure 
are need, in -whioh the urine has been retained; but 
with ^KKirer dung, containing plenty of straw and little 
of the urine of cattle, it is always advisable to add potash 
■alts. 

The quantity of artificial manures used npon potsp 
toes in Scotland often rune to 1& and 18 owt. per acre. 

In the report of the Department of Land Records 
and Agriculture, Assam, for the year ending 30th Jnne, 
idOb, nrastard caka at the rate of 20 maimds per acre, 
produced a crop of 31U maunds, la seers. 

From Che Baport of the Cawnpore Farm, and other 
Sixperiment StataoU in the United Prorinoas, toe tha 
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J9K ending June- SOth, 1903, we fiad the heaviosfc 
ftvenge of crops of sevep yeEvrs awoxuttiQg to 

6 tons, 0 cwt., 2 qra., 20 Iba. 
Uom the xae ot oowdong at 200 lbs., nitiogan por acxe, 

wluch is equivalent at Dr. Tjentiher'a analysis of O'S 
per cent, of niticojfen to about 129^ tons of cowdung> 
an unonnt of nianare abaoltttely unattainable by the 
majority of fanners. Here we s<^e what haa been 
establiatled in moat potato growing countries tbat stable 
xoanare in large quantities does not give nt^ac such 
good xeanlte as a mnoh smaller quantity of well-iotted 
farmyard imanure to which is niAeA a smalt quantity of 
artificial feitilizars supplying the necessary phosphoric 
acid and potash in a form which places the plant-food 
immediately at the dispcmition of the tubers. 

Again on the same Fann the une of eibont i tons of 
castor cake per acre retamed a remarkably poor hai-vest, 
during 7 years, showing only too clearly the neoeBsityof 
employing a complete fettili^ei'. 

Wilfartb showed that when the supply of nitrogen 
is insufficient the leaves tend to tarn yellow, and that 
if the available supply of potash is deficient heavy appli- 
cations of nittofren tend %o reduce the percentage of 
tubers and _ starch. Liiwes and Gilbert show that 
nitrogen stimnlatas the production c£ starch, provided 
the mineral oonstitoente are not deficient : but m large 
^vantitiM mtrogtnouf /ertilixsrs ittiTnulat^d luxuriant 
growth, delayed maturation, and produced potatoes richer 
in niirogen and muck more Uableto diseate, a point tjbat' 
should be remembered in alt experiments- 

At the JUtodfl Island Experiment Station dried 
Uood raided fint oi the nitrogenoos fartilixMi appitatl, 
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fDUow«d hy nitrate oi soda and salphate of flsamonia ; 
bat on aoils said to be exttemely acrid, dried blood wa8 
cmly hixmt half as beneficial as it should be ; hence saah 
wrils need lixning. before full benefit can be derived from 
the uae of this fertiliKet, A mixture, of two-thirds dried 
blood and ooe-bhird nitrate oi soda, qi of eqaal parts of 
alt three fertilizera, ie suggested. At the TetmeHee 
Bxperiment Station cottonseed -laeal was found to be a 
mote profitable eourt-e of nitrogen than nitrate of aoda, 
while at the f lodda Station the nitrogen of cottoosead- 
meal and oaator poonao were equally effeotiTe, bat that 
of nitrate of soda was more bo by 80 per cent. 

Wilfarth and Wimmer show that, when polaasic 
Tertilizers are applied to aoils alraoet dafititnte in Potash, 
they 

1. Increase the size of the tober, bat have little 
influence upon its composition, and that the amonnt of 
potash in tnbers remains fairly constant, uninfluenced 
by the amounts in the soil or applied, unless very heavy 
applioattons are made, which may cause an increue to a 
certain point, bat will be attended by a decline if con- 
tinued. 

2. Decrease, the precentage of atema and Isaves, 
bat have no marked influence on the nxita of potatoee. 

9. Have a marked inflnenoe on the shape 'and 

apearance of the leaf ; if deficient, the leaves are yellow- 
ish-brown in colour, and become spotted and striped 
in the portions between the veins, while the petiole of 
the leaf and the ribs retain their dark green ooloor. If 
the supply of potash is insufficiwit the leaves tend to 
curl, and sometiraee collapse of the plant follows, 

4. Increase the quantity of water transpired per 
gruDttc of dry matter. 



Hedu ahowB that the applieation of potMsio ferti- 
lizers has a marked iaflaence in the pzodnction of tolJers 
and roots, and that potash assists in the formation of 
stanh. IiawM and Gilbert noted that the perosntage 
of potash was tebtivsly high when the snppl; of it was 
nlatiTely liberal and vice versa, but the variations were 
sntaU, and that, where there was a defioienoy of potash 
in the mpply and in the Sish, there was general^ an 
inereased anpply of lime in the ash. 

Dr. J. J. Willis in his " Value of Potash to Farmers " 
as indicated by the BothaiuBted Experiments, writes ; — • 

" In the case of the potato the carbohydrate 
produced ia starch. Potato tubars are reokonedr to 
contain, on an average, more than 20 percent, of starch, 
and Qpon the amount of starch in the potato depends its 
nutritiTe value and cooking properties for domestic nse. 

The following table shows the result obtained at 
Bothamsted with potatoes when grown nithoatmanure 
and with various arbiHoial fertilizers. The fignres qiioted 
«Z8 the results of the average for ten years in snooession 
m the same land, 1876-18S5, 

Experiments with potatoes at Bothamsted. 
Amount <^ siarch in the tubers per acre. 

Starch per Increase 
acre. over the 
Un- 
mannzed. 

Plots. lbs. lbs. 

1. Without Hannte ... 1,190 

a. Phosphate of Potash ... 3,988 668 
a. Ammoniar Salts alone ... 1,169 49 
4. Nitnte o( Soda alone l»a6a 343 
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acre. 


over thft 












mannred. 


Plota. 
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It ?pems tb)vt the quantity of Starch id tbe potato 
tabeia is considerably inoreaged hy the applicatitm of 
Phosphate ol Pol^h, amounting on plot 2, to 868 lbs. 
per acre. The incmased amouot of sUuroh over that 
■without mannre, obtained by nitrogenous tmuiare alone, 
is very small — only 49 lbs., when as Ammonia Salts on 
plot 3, and 242 lbs. per aace when as Nitrate a£ Soda on 
plot 4, But when Nitrogen, Phosphate and Potash sine 
employed togethet:, the increased amount of starch pro- 
dnced is more than one ton per acre — S,316 Ifa. on plot 5, 
with Ammonia SaJts, and '2,'248 Iha. with Nitrate of Soda» 
When Phosphates and Potash are added to the Ammonia 
Sa)(s, or I^itrate of Soda, there ib for one of Nitrogen 
rapplied in mannre, over 26 parts inoreoied produce of 
Btaroh reckoned overthe yield of tnbers without manote. 

Here, then, in the Potato, we have a gnat increase 
in the prodaction of the carbohydrate starch, by the 
use of Potash in manuie, just.as in the mangel crop we 
have a oonBiderable incieaae of the carbohydrate sugar, 
by the use of Potash Salte. ^ 

• Ab, thns, the root crops are essentially sogor yietd- 

ing OEOpe and their feeding value depends upon the 
proportion of this constituent, so the potato is essential- 
ly a storoh-yielding crop, and its ootrfdng and faedug 
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Talae depend to a very large extent upon (he percentage 
in the ttibers. And it ' is seen that, prorided a liberal 
supply of potwh ig available in the acnl, the prodnoe of 
both sogar and ataroh is conBidenbly ineraasad hj the 
amoant of Kitrogen taken up, the ingr^'dient Potash, 
acting as a carrier of Nitric Acid from the soil to the 
planl 

Which is the better soaroe d Potash? 
Snlphate or Mnriale of Potash? 

This question is still nnBdttled, because apart from 
other oonsideratione, one of the deciding factors is the 
cost of each. In many cases the resalts a>re inconclusive, 
while in some cases the fertilizers appear to be of equal 
valne. In others Sulphate of Potash gave better results; 
thus UavidaoTi of Virginia, found that the potatoes grown 
by Sal^iate of Potash contained more dry matter but a 
lesspercsntageof starch than those fertilized by Mtoriate 
of Potash. Brookes found that Sulphate of Potash gave 
a better yield per acre of merchantable tubers, which 
were of larger size and superior eating equality, containing 
from 3 to 8 per cent, more starch, and, when cooked the 
potatoes were whiter, of better flavoar, and more m^aly. 

The disadvantage of Muriate of Potash seems to be 
due to the fact that it is a chloride, and Sjollema and 
PfeiS«t httve shown that the chlorides of Potaasiam, 
godinm (Common Salt) and Magneaiam, when added to 
the Sulphate of Potash, diminished the starch content 
of the potatoes considerably, and the reduction was 
greatest in varieties rich in starch. This would' seem to 
n^tort the common idea that Sulphate of Potash prp- 
duces a better qoality of potatoes than Muriate of Potash. 
Wheeler of Bhode Island, shows that Calcium Chloride, 
hod a marked poisonous effect on potatoes »nd nearly 
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d«fl(toyed' them, while the same ataonnt ot' Oilcaain in 
certaia Conns other than the chloride or sulphate, iis- 
CEeaeed the yield and vigour o£ the pluttB. New vukl^ 
tiM, and Uiom making a heavy growth ot hanlm, teem to 
bepftrtitndacly eecsitive to ohloridee. 

Tei the German Agrioaltaral Society, judging from 
their experiiiients with potatoes conudec kainit, which 
ooDtatiu a great deal of oommoD salt, as the best potaano 
(ertiliaer for pt^itoes. 

Inpldbncb op Phosphobic Acid. 

Lack of Phosphoric Acid is accompanied by dark 
green leaves. While PhoHpboric Acid aide staroh for- 
mation, it is often regariled aa of less importance than 
Potash. The results obtained at the Ohio Station show 
that Phosphoric Acid is the most essential fertilizer for 
their conditions, somePotaeh, and, in some cases, Nitro- 
gen being also required. The same was tj-ue a>t BriaroliS 
Manor, New Tork. where 100 lbs. available Phosphoric 
Acid per acre equal to 600 lbs. Acid Phosphate, 16 to 17 
per cent avulable, gave profitable retams. An ezoeseive 
application of available Phosphoric Acid has a marked 
effect upon the foliage caaaing it to be soiatl, .dark, 
wrinkled, green and apparently stanted in development 
with consequently early maturity. In some cases the 
p<jriod of growth is reduced six or eight weeks, and con- 
sequently the yield ia low, bat owing to the potatoes 
being mature, the qnality is generally good. In certain 
localities, for early potatoes, where it deeirable to hfteten 
uaturity, the use of fair gaantitiea uf Superphosphatee, 
with a. limited supply of Potash and Nitrogen and no 
barn mannte, is found to be good practice. The Nitrogen 
may be snpplied in an available form aa Nitrate of Soda^ 
^ince nitrification may not be active in the soil daring 
the ewly period of growth. 
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Sirl; potatoes jreqnire tha qniokeet possible acting 
manure as the time from sowing to maturing is short. 
Fwogoano is better than inng in this case for the laMar 
iidowin demmporii^ and plaoing the food at the dii- 

poflition of the tubere. But while the beet prefers SeiH- 
petie the potato thrives better on Sulphate of Ammonia 

For late potatoes manuring with dung ia good 
imotioe. In oaaes whete, owing to an insnflloienay of 

lime, there ig nothing to neutralise snfflciently iron 

combinntioDS in the soil, marling is neceasary to avoid 
the Inown patches that shotva want of starch within 
the potato. 

iHFLnBNOK 07 Cai^IDU. 

Odcinm does not appear to be so important, although 
in some cases it prodncss a marked increase in yield. 
If applied in a form that has an alkaline action upon 
the soil — as. Carbonate of Lime, or aakiklime, it may 
have an injucioua effect by producing conditions which, 
aid the development of scab. 

Karn or Farmyard MANUHEa. 
Applying Bam or Farmyard ManuicB is commonly 
pcactioed for potatoes with pro6table reBolts. Lawes 
and Gilbert showed that only a small portion of tha 
nitrogen of farmyard manures h taken up by the crops ; 
thus, with an annual manuring of 15J tona per acre, 
containing 200 Iha. nitrogen, bontinoed for 13 yeacs't Init 
S'8 per oent. was recovered in the crop. " These results 
Beam to indicate that this crop is able to avail itself of a 
lMa.propOEti(»i of the nitrogen of the manure than any 
other farm en^. Tet, in ordinary pmotioe, farmyard 
mannre is not only largely relied upon for potatoes, bnt 
is often applied in larger quantities than for any other « 

CK^." 
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Taft of Mohigaji, found that twenty-four loads 
manure per oon gave the largest yield, while it tka 
Wmoonain E^eEimentil Station- twenty loads pec am 
weee appl!i«4, and larger quant^tiea in Gteeat Bntain. 

It aeema natural to anftiimt; tha.t the heneficiat effects 
of manaEd most laigely be dae to other causes than the 
addition of plant-food only. Among these may be ith 
inflnenee on the phyeioal properties of the soil, rendering 
it faiore retentive of moisture, more potoas and more 
permeable for air and roots, and a better home for the 
Tiaefal soil bacteria, which, in faut, it may supply. The 
decomposition of such quantities of organic matter, with 
the conseqaeat liberation of carbon dioxide; aids in 
rendering the mineral cesouroes of the soil more available. 
Genemlly speaking, it is more economical to apply aboat 
ten tons of manure per acre and supplement it with 
fertilizers, except upon loose, open soils of poor texture 
where the beneficial effect from the larger amoont ahoold 
probably be ascribed to its influence upon the retention 
of moisture.' It is preferable tb(i.t tbe manuie be rotted 
somewhat and applied some time before, while the fertili- 
zers may be applied wher. planting. On some soils, to 
reduce the danger of disease, it may be advisable to apply 
all the farmyard mannte to the previous crop. 

The application of fertilizers is profitable ondet 
moat oonditionu in tbe Eastern and Notth Central States 

of the Uniit-i! Btaten of Amt^rioa. 

In long Island a mixtuce aontaimng : — 
4 per cent. Nitrogen 

8 „ „ available Fhoaphorib Acid and 
10 „ M Potash, 
has proved satisfactory. It is used in amounts varying 
from BOO lbs. to 2^000 lbs. per acre, and in many cases 
more potavh is applied than is profitable. The ns« of 
36 
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IjOOO ibs. of 'this fertilizer has given the greatefit profit. 
Wiwe 1,600 lbs. or 2,000 ibs. were need the coat ol the 
fertilizer was more tban the market value of the iooreaadd 
yield of potttoea. The fertilisers shoiild be oom^be 
' withoat being wasteful in quantity. 

100 lbs. Sulphate of Ammonia 

100 „ Superphosphate (16 bo 17 per cenI.aTailable> 
uid 200 „ Snlphate of Potash, with 
6 to 10 tons' of partially rotted farmyard mannze per 
acre, will be found a well-balanced complete manure and 
the resulting crop will pay well. 

The resulta obtained in a very carefully conducted 
ezpeiiment in the manuring of potatoes are illustrated, 
and the well recognised value of a complete commercial 
manure for the potato crop if, clearly demonstrated, a& 
is also the great loss resulting from the omission of the 
most esBential constituent, viz.. Potash, from auch a 
manore, by Mr. Holmes, of Saltwarpe, Droitwick, 
Worcester, Bngland, in 1902. 

Where no manure was used the crop amounted to 
only 4 tons 2 cwt. per acre, and where the complete 
manure consisting of 1 cwt. of Sulphate of Potash, 2 cwt. 
Nitrate of Soda, and 4 owt. of Basic Siag was usedt the 
yield was 12 tons 6} cwt. 

In the absence of farmyard manure, it can with 
advantage be wholly replaced by artificial mannres, 2 owt. 

of Basic Slag per acre is wrommended, and, in addition. 
Potash 2 owt. and Nitrogenous manares, auch as Salt- 
petre, 4 cwt. according to the hatnre and oondition of the 
ami. 

The following resulta on potatoes, obtained in 
oa gravelly loam, by Mr. Bouse OclabaA, at Poddington, 
BedfonlBlUre, show. 



(a) The effeots of m inoomplate {ertiliMr withoot 
fumyard manure. 

\b) The resalta from a' complete artificiat fertilizer 
also without faimyard maniire. 
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A compariaoQ of the yield and profit of plot 2 (to 
which no phosphoric manace was applied) with the yield 
and profit of plot 3 (which received 5 owt. of Basic Slag 
per acre) showB that the phosphoric acid in fho. complete 
manure effected an increase of 1^ tone of potatoes and a 
profit of £3 10b. 3d. pei acre. 

This is confirmed by the J^^leport from U-corgia IStatQ 
Station, Bulletin No. 8, July, 18S0 :— 

The reaulta seem to waiTant the oonchuion that a 
fertilizer containing all ihn food elements in t>!e same 
proportion and in available form, as a good stable manare, 
gives the largetit increase, and thatinoomplete feitilueers, 
while they show a gain over the unfertilized plots, are 
not remunerative, A qaick-growing crop like the 
patato, which has only a short time in which to mature, 
cannot be grown raoeEnfally unless a boontifol supply of 



lU tha etasMiiti of pUnt-lood i'b prorided ; thai ii, ifaA 
giBBitort yield is obtained whers the eail coQtainE an 
•xceBB o( all the elements of plant-food in ftvailaUe fonn 
over and above the requiiements of the plant." ' 

. Professor Wright in hie report on the Manuring of 
n>tatoea, in 1889, uys : — " Tea tons farmyard manure . 
' intb raitable commeroialB are better than mote farmyard 
manure alone." 

On trial plots in poor graveltj soil in the North 
Arcot Diatriot (Madras) where potatoes, asa role, are not 
grown, a veryi enoceastnl crop has been onltivated trith 

10 tons cattle manure 
5 cwt. ground nut or castor cate 
1 cwt. bone meal and 
1^ cwt. Muriate of Potash. 

Thus we see that a small expenditure on complete 
arti6cial or commercial manures invariably brings a good 
retam for pot^oes, and helps, to a considerable degree, 
the succeeding crops. Little mure need be said in 
favonr of thrae fertilizers, new to India. Indiui farmers, 
wto are wise enough to profit by the experience of 
others, will make experiments on a sma)! sc^e, and, 
wben BocoeBBful, increase their income ccmeiderably by 
adding the newest experience of the West to the old-world 
traditions of the East. 

It is astonishing bow smalt the aareage is under 
tbu crop in .India when we compare the feeding power 
of the potato with that of wheat and. barley. The 
average oat-turn of potatoes is nbont 60 mannds per 
bigha. Wifli an allowance of one seer per adult per day 
(■applranented with a, ha,ndfut of rice) a bigha is capable 
. <tf iqp^ngfoqd (o?i!,000 adaHsper day. The arfMgfr 
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yidA of -wheat or barley u aboat, & nuTwda oe 900 sae» 
of grain. Allowing the Bime quantity pet day per adult, 
a bigha at barley will therefore yield food for 200 adulta 
or one-tenih of that prodnaed by the potato. . 

The probable canse is the danger at biigiit and rot, 
and the difficulty of keeping seed over (or the next sowing 
aeaflon. ' But this should not he insuperable. Careful 
oultivatioQ with the best manures and feitilizerB available 
onght to prerent mnoh of this and lead to the ooreriag 
of a great deal more of garden land with this axoellent 
p^ng crop. 

What an ordinary crop of potatoes ought to be ia 
shown in " Crop Experiments " — lttS8-89, page 12, 
where Mr. Lnoaa the Assistant Oolleotor, Poona, 
writes : — " Potato is an important staple of the Khed 
Talnka, the area under the orop being 7,000 aorea this 
year. The produce is all sent to the Poona market for 
sale. According to the Taluks formulas, the rate of sesd 
is 1,000 lbs. per acre, and the 14 anna crop is eetimated 
to yield 16^00 lbs. or an out-turn etjual to 16-£old of the 
BeM sown. 

In the Poona Farm Beport, 18B4, page 19, we ' 
hnd: — "The potatoes imported during the year were 
grown with the aesistanoe of artificial manore only, with 
the result that the produce was abaolntely free from 
disease." Here, very probably, there was not an ezoen 
of costly nitrogen, Bo f-ommon on Government Farma, 
where an immense amount of cattle manote is at the 
disposal id the Saperintendent, aqd only confirms the 
-statement that an over -supply of farmyard mannxa it. 
hurtful. It is confirmed by the expernuents on the 
Dhaiwar Farm in 1908-09 in the trial with fieih Itar 
Han potatoes where a haivest of lbs. d tuben wiM 
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obtained, nloed at Bs. 474, and on iinothn plot tiho 
tetam wu Its. 546. 

Annual . Beport of the jj^xpenmeatal Work oi the 
Dharwar Aghooltaral Station, igOS-lBOg 

Potofosf. Potatoes at Belganm. 

With the object of ascertaming whttthei actifioial 
fwtilueTs can be economically nsed ae a supplement to, 
or a aobstitttte for, fanayard niannie the following ex- 
periment was oohdncted : — i 
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The land was rich in hamu£ having been caltivated 
for the potato crop for several years. 



> "This espei^miBbt is on the'right Itsee uid-'Ottn ba 
oompued ..with tlje - following nMumnftl «zpajw>iwt 
ma^ : — 
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Sandy LoaiQ Poor Soil. 
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We have this further proved in the latest iaaue 
of the Agriealtural O-azette of New South Waleaon Feb- 
ruary 1911. 



Potatoes at Grafton .Experiment Farm. — This last 
leaeon Bome esoellent results were obtained at Ciaftoa 
E^Mriment Farm with potatoes grown partly to test the 
comparativft value of certain cIhsbcr of manures and 
partly as a commerciat crop. From H.n area of 6^ acres 
614 bags. werq harvested, the total weight of potntoes 
being 50 tons l-i cwt, Of these SSI bags were sold, the 
prices obtaiDed casging fi^om £S 10a. to £11 10s. per 
too and totalling £423 18b. lOd. |iet cash. The value 
of SO bags kept for seed may be taken as £13, and 10 
bags of small potatoes left are worth £1 10s. This gives 
a toktil j:etum of .£137 ISs. lOd. and the actual profits^ 
allowing for risni, work out at jmit abont £60 per aore.r..: 
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The variety -grown Was Adirondack, and the aaad 
vw obtained fLom Mr. J. B. Bennet, near Borabala. 

Portion of the aj-ea waa coTered by 54 plots each 
' 1/40 acre in extent, deVoted to the testing oi various 
ocmbinatioiu of fBrtilisens. Thii area, 1 17/20' aorea, te- 
tamed 15 tons 13 cwt. 20 lbs. of potatoes ot- 11 tons 14 
owt. 1061b.. per acre. The soil is nob in allovial sorab 
land — some of the best on the farm — of good depth, and 
pOBgessing fair - natural dxainage. The manures wets 
mixed with a httle more than their own bulk of dry sand 
toonsare as even a distribution as possible and sown broad 
east acme days in advance of planting. The potatoea 
were ploughed in. Of these 54 little plots the highest 
yield was obtained fuom that which received a dressing 
of 240 lb. dried blood, 300 !b. bonedust, and 132 lb. 
chloride of potaah per acre. This plot gave 7 cwt. 51 lb. 
of- potatoes, or 14 tons 18 cwt. 24 lb. per acre. Another 
plot, dressed with bonedust alone, at the rate of 2 owt. 
per acre, gave 14 tons 8 cwt. 104 lb. per acre. Other 
pombinafiona whiuh gave excellent reniltB were : — 

1 owt. Sulphate ot Ammonia, and 2 owt. sapezphts- 

phate. / 

] cwt. Sulphate of Ammonia, and 4 cwt. bonedust. 

i cwt. Sulphate of Ammonia, 2 cwt. saperphospliate 
and i cwt. sulphaLe of potash. 

240 lb. dried blood, 900 lb. flupetphospate and 182 lb. 

chloride of potash. 
I cwt. Nitrate of Soda, J owt. Chloride of Potash. 
) ewt. Sulphate of Ammonia and 2 owt. bonedust. 

All of these yielded over 13 tons per »cte. The 
lesults «e_Bot regarded by the department as det^sive aa 
to the vahie of asiy particular manore or eomlHiiation, 



but ihey owdaiailf §bow the adTtuitsge of luiqg fwtiiiMn 

Ux potatoes even on rich boHb " 

Acowjdiog to Dr. Claussen, it is not mei^^y tb« T»iuo 
of tha plant food that leguires oonsidsistkm: hw expari- 
mantB tend to ptoye the tonio properties of siichferttliMn 
ai roparphospbate and basic slag, which acceletftte aprout- 
ingt pnih on the growth of the young plants, atrengthen 
them daring the oonree of their life, inoreaBe th6 hanwt 
and hasten maturity. 

It ia painful to find that it has taken so great a 
length of time for the DepGirtment of Aghcnltare to begin 
with experimenta long carried on in other oonntrie^ and 
proved exoatlent. 

There is nob muoh use in spending years to endeav- 
onr to stop rot if the old method of m(uiacig,moBt probably 
one of the contribntory causes, is continaed. 

It is 9o simple to see what has been done in the shape 
of manaiiag by other coantries, pnd to foilov that as a 
starting point Having learnt that complets manurei 
ai:e most saocessfuJ in obtaining baiaper crops that will 
keep, variations may be tried in the oonstitoents of a com- 
plete fertilizer, till experience shows the best balanced 
and cheapest manure, which willietnm the most paying 
ocop. 

In conclusion we should like to hear from Indian 
farmers what they have to Bay ooncermng the "Lunar 
Sttperatition and PotatoeB" whilst giving the decision of 
the United States Department of Agriculture on ths 
Biibjeot. Enqoiries about the so-oatled' Lunar Supentition 
and Bamboos proved lAie Native oorrect as to the time for 
catting these and the 'Superstition' resolved itself into 
'axperienos' of fact for which the fanners (and Agricultural 
Soientista) had no xeady explanation. 



■ ' LniMr 5up«rttirion<. 

"After extftuative experimenta in Potato pknfcing, 
the United St&'tes Department of AgricuUiire has . to aay 
that, in eeasoQ, one tim^ m go^jd as another (o pat po^ 
tatoes in th6 ground. 

Almoat fiver/one, even if he were aot reared in the' 

country, hae heard of the idea about [jiLbntiiig potatoes in 
the dark of the moon. The fieid workara of the Depart- 
ment of Agcioulture have been investigating the matter, 
and have found that seventy-five per cent, of the farm- 
ers of this aliened enlightened country put in their crops 
and do a gboi many other things aboat the farm, govern- 
ed Bolely'by the mooa's phases. Many farmem will teU 
you that if yoa plant potatoes in the dark of thB moon 
they will ran to tubers, and if in the light of the moon 

they will run to tops, and crops are planted accordingly. 
* 

There is nsiialJy a basie in fact for any snperstitiOD 
•0 deeply rooted, and n number of experts from the De- 
partment of Agriculture, while going up and down and 
across the land, have made it their business to study the 
qaeBtion and see whether there might noc be a germ of 
troth, or, at least, some reason for the general belief that 
the moon's phases have an effect on animal and vegeta- 
iAblits. They haveconoluded aftei- patient investigation 
that tlie moon myth is one of the oomparaiively few 
myths that data back to pate Bavageey, and has not an atom 
of Hcientific fountlation on which to stand. The Agricul- 
tural Experiment Stations all over the oomxtry have been 
defying the superstition for several years and raising jast 
09 good crope whnn the moon was one way as whenit woa, 
the other. Therefore, once and for all, it has been con-, 
closively decided that there is nothing in the theory that 
potatoes should "be planted in the dwk Ot the moon. ' 



S71 



. All this might not seem very serious inveBtigation 
for a greal Government to undertake, but the work never- 
theless baa been intdiesting to scientists, and if they 
hftTB Bocoeeded in weaning a few from the old Bapetsti- 
tion abotii planting potatoes in the dark of the moon, they 
have been well paid for their work." •' 



ONIONI 



To the giuBtion on what soils omoDB ma; be grown, 
the reply '» that amy soil will do ; bnt a zieh undy loami 

is by fsc the bdat. This should be kdpb as free as posei* 
ble from weed^ and manured with well-rotted oowdung- 
Gate must b? taben, however, that onions ace not planted 
shortly after a heavy maauring with farmyard manure 
that is not well rotted, or onion maggot may do heavy 
damage to the crop. The land must be plongbed early 
to allow of a thoroagh aeration of the sail and the culti- 
vation muBt be thorough, if a bumper crop is expected. 
The previous orop should,, if possible, be one that frees 
the land from weeds. 

When there is not a safficienoy of cattle manare, or 

the marnare is not well rotted, and especially where weeds 
lessen the out-turn considerably, it is wise to lessen' 
the farmyard manure and replace the aoiount wanting 
by oommtiroial fertilizers. 

Whiare a large trade is carried on in onions, cuitiva- 
toTB find it best to sow the seed in beds and plant them 
oat later in the fidd, as the onion can be transplanted as 
easily as garden plants. The better seedlings can 
be ohosen 4ith every promise of a better orop, and as 
weeding will not oause much expense, the onions are 
raised at a. cheaper rate. This has been found by practi- 
cal experience, especially in Amerriea. A weeding hoe 
costing from Bs. 12 to Bs. 30 will be found of great 
use, as its knives run on each side of the row and clean 
out all the weeds except those directly ia.Hia row with 
the anions. 
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' The varioiis G'overnment and Demonstntioii Farms 
have endeavoured to grow onions as an object lesson to 
the Indi^ raiyat. In t,h& Annual Bepoit fioni Lyallput 
for Ifl02-8. the land waa mannved with 20 oatt-Ioads of 
honee Bweepings per acre. On what basis the quality and 
tite'qtumtity were fixed we cannot ascertain, nor what 
aonoloaion was arrived at from the expariment, nor ean 
we determine what advantage ma to be gained in the 
trial of the two varieties, as the produce reached the 
fignres of oulyV.Clti and 7,872 IbS' respectively per acre. 
At the Maajri Farm near Poona, a good crop was ob- 
tained : but as the fertilizer used was 1,116,730 gallons 
of effluent from a septic tank, between 20th October 1902 
and 1st April J 903, what the peasant could iearn from 
the experiment, except that the crop amounted to 
' 31,607 lbs- mnst be left to the imagination. 

Two very interesting experimentfi are to be fotmd 
in the Aonoai Report of the Surat farms, for the years 
1901 to 1908. The tirst states that 34 gimtbas 
manured with 400 lbs- of saf flower coke produced 36,285 
lbs- of onions worth Bs. 302-6-0, when prices were very 
low. How tiie land had been manured for the ptevioUs 
crop of white gourds is not stated. Noi do weknow the 
nature of the soil, bat if it represented the average gar- 
den of the district, there is no doubt that the return 
was magnificent, for Ihe vnry alight fertilizing allowed. 
In &aoh a case it certainly was an object lesson to the 
farmer well worth following, and, in any case, it points 
the right direction in not using cattle manm-e for the 
onion crop itaelf, but from one raised previously, and in. 
adding' a certain amount of artificials just b«tore the 
Beedlingi are transplanted. 

The other experiment was made with twoiBdigenoqs 



aai two English -TarietigB. We have no Tecord of ^ 

mannreQ uged or ot the time of appUoation. The barvests 
aie fai irom big, but the st&tement shows that the ia- 
digenona etops were Iwttet than the ezotiM. " 

XSa- OMtor I Fumywd' Pondratto 

nutaaTBd 

Bant Bod lasta ; lana rmx i ims 

TlL*n»Whlt« ISaOO : ISilSS ' 13139 | 17600 

YoUowOioiwFQgluli WHl 1 187H 

White ., ., 9714 1 12867 

We latum again the great value of a small amount 
of a ceocentrated fertilizer like castor oake, vhich in one 

case gnite equalled the retuni from farmvat'd manure 
and greatly Burpa^ed it in another. An important les- 
son is also learnt as to 'the use which can be made 
of waete products from Municipalities- If ever we find 
the definiation of dirt verified, we have it in this case, 
tor humaa excreta must be pronounced a, vecj good thing 
in the right place and a source of profit, while the health 
of whole cities is endangered by ill-managed Municipali- 
ties which do not usa means to prevent its accumu- 
lation in wrong pkcea. 

The use of human excreta for edible plants also 

opens out a question worth enquiry. Jgeger Bays "Plants 
thrive besc on the excreta of the aaimalu that live upon 
them." It would repay careful experiments on various 
food crops. 

According to the Dharwar Farm Beport for the 
year 1906-7 " the olnion crop, though very hardy as an 
irrigated crop, is a very delicate crop wbeo grown 
without irrigation." Still an atii^pt was made to 
grow onions in the Kharif Beason^and the yield per 
EKsre was (with a mixed crop) 5,240 lbs. of onions and 
100 lbs ctf coriander, valued at &s. 96-6-10, against an 
axpenditoxe oilder . coat of onltiTation of Be. 15-12^5. 



The exp«riment is worth continuing, thoogh it is more 
thkn |>robeible, the liaks are known to the caltivatoi, 
which explains why he pi«fere to bceat it as »a irrig»t9d 
OEop in the nU seaeon, u is th« caie aln in the Deooah 
and in Giu»xat. ' 

Thai the Indian rai^at can grow as good a crop 

as any Goyernment Farm can produce is pretty clear 
bom the "Crop Experiments— Bombay f residency." In 
- 1894-6 in Khed (Chancan), Bed Onions, (Khaadi) were 
raised from 8. 9 seers of seed, on a mixed black soil 
field growing ordinarily bajri and ontons in one year, 
followed by ground nuts in the second. Ground nut 
was grown first. It failed owifii^ to heavy rain, and bajri 
ms sabs iitn ted for it, wbicli also was a failure. The 
last crap was dressed with tibout 17 carts pec acre of 
ordinary mannie and watered nine times from a well in 
the field. About 1 Guntha seed beds famished seed- 
lings for an acre ot field, A sample kept by the experi- 
menter lost 11 per cent in dryaige in 18 days. This ia 
allowed for in the reported out-tarn. Season good and 
caltivation excellent. Crop 36,022 lbs. " 

On similar land, which grew daring the lost three 
years, (1) ground nut (2) sugarcane (3) bajri followed by 
onions, the crop was 34,514 lbs. The field had been 
manured with about 14i:at:tu pt^raoreof farmyard mac ore, 
and watered three times a month from a well and also 
by channel -from a bunded stream, wbich failed in the 
hot weather. In these oases we have rich garden land, 
well moitnred, well tilled, and well watered. On lighter 
soil whore bajri and onions followed ground not the 
produce wse only 19,228 lbs. though the crop was 
manored with 28 carta per acn^ of ordinaxy manure, and 
irrigated fonr fetmei a month. 
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' With all the farmyard manure obtainable gathered 
for caiaing garden crops, it is easily iateUtgible that 
next to nothing remains for dry crops. Tet, with a oare- 
fal attention to the needa of various plants and the ose 
oE oil cakes and commercial fertiliKers, muoh of the vatii- 
able dung might be spar;ed for the Kharif crops. It 
will require some years of carefnl demonstration, how- 
ever, before this very necessary reform is introdnoed. 

In the report for 1903, on the results of the sewaga 
farm, it is stated that a crop o{ 29,12& lbs. ot onions re- 
moves from the soil. 

59 lbs. Nitrogen, 30 lbs. Phoa. Acid, H8 lb. Potuh. 
To obtain this, the sewage farm supplied enough potash, 
mora than sis times the quantity of phosphoiic acid, and 
seven times the requisite amouut o£ nitrogen. 

This doee not appear quite in accordarwse with the 
dictates of modem scientific intensive farming. As this 
ig one of the best paying garden crops, it is advisable 
to raise it with the greatest care and ■without any nn- 
neceesairy waste. 

From the analysis of a good crop it is evident that 
the harvest deprives the soil of a heavy amount of po- 
tash and it must be our aiTQ to place on the field some- 
thing beyond the amount of potash taken up by the crop 
it we do not wish to deplete the land. All may not be 
rendered available for the first year, whioh is all the 
greater reason for iuoreasiug the supply, the more so, as 
a great amount of what is not tak«n up in the crop is 
retained by the soil. Though the phosphoric atad re- 
qnitement is small, it is astonishing how much more of 
ttiifl pUnt food ii)|[redieBt is annually supplied by al 
good growers, 
87 
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The amiyna given by the Departmsnt of Auriaal- 
toEfl in India appears to exclude the leaves, and them- 
fore, to be out oonsideiably in the statement ae to the 
amoant of ^ant foods nmoved- from the soil. From 

Dr. E. Wolff'B t&bles, we find th* commoD onion con- 
tains in every 1,000 Iba. of tiir-dried sabetance 

a-7 lbs. of Nitrogen, I'S lb. Phosphoric acid, 2 5 lbs. 
of Potash and that 80,000 lbs. of <Hiionfl remove from an 
acre 81 lbs. Nitrogen, 41 Ibe. Fhosphorio Aoid, and 81 
lb&. Potash. 

J. B. Sonoes in his pamphlet " The Littie Practical 
Adviser on Kitchen Gardens " analyses bolbs and leaves, 
and etstes the plant foods removed by a harvest of 
30.000 lbs., as follows : — 

nitrogen Phos. Acid Potash 
Bulbs 80-4 45' 0 62 5 

Leaves 124 2 15 0 1101 

Total 204-6 60' 0 163' 6 

It is remai-kal^le that we find so much of the Nitro- 
gen and potash in the leaves, whil&t the phosphoric acid 
is to be fonnd to the extimt of 7S per cent in the bulbs. 
The importance of potash and its mantirial value is evi- 
dent from the above analysis, and practical experiments 
in the field prove this only too clearly. 

As tuool vrith root crops, though the analysis of the 
harvest does not show very much phosphoric ad^ pre- 
sent in the out-turn, a large amoant of phosphatio 
manure is considered necessary by farmers. The nitro- 
gen and potash are supplied in manarea and fertilizers 
aooording to the analysis shown by the crop, but the 
phosphoric acid must be present far in excess of what, 
to judge by the aiWysis of the harvest, the crop actually 
demands. 
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The oalculationa ot the plant-foods lemoved differ 
oonwderablj. In this ease it is adviaable to sapply, at 
fiiBt. oonsidetably moie food tlian th« plutta require toe 
ftlniinperon)p,aiid'by degrees leBBentheunoimtB, ohang- 

irifi one of the conatituents of the manurG, at a time, till 
the beat paying combinaUoD is ascertaioed. 

MatniaUy, much depends upon the source ot aifcrogen 
as a manure. Well-rotted stable manure does not give 
up all its oonstituents in the first or even in the seoond 

year, and it woul3, in coneeqaenee, be unwise to reetriot 
onrselveB to the supply the analysis shows. Besides, 
much ot the nitrogen whieh is not token up by the plant 
18 lost in the drainage : but as large supplies of cattle 
niannre, when not thoroughly rotted, bring about the 
rava.g8B of onion maggot, it is advisable not to supply all 
the nitrogen from this sonroe, bat to add more than b 
sufficiency by the use of other nitrogenous fertilizers As 
in many other instances, we know £rom analysis and from 
experience that farmyard mannre, though a complete 
fertilizer, is not well balanced for this special crop, and 
therefore advise a smaller quantity of such supplies and 
an addition of the necessary ingredients for a w«U-baI- 
anoed complete [dant food in the shape ot artifloial fertili- 
zers, or there well be a gte&t waste of nitrogen and, 
perhaps, no tri&ing deficiency in potash. In order that 
trials may be started and continued tor some time on a 
small scale till experience has taught the tanner to place 
complete rBliance on commercial fertilizers, or a mixture 
of these with catUe manure, we give below a tew ex- 
amples of experiments carried oni in other parts ot the 
vorld. To begin with, let us talce trials made by Eng- 
lish farmere on as small a scale as a perch or pole, namely^ 
T^i7 of an acre or 30^ square yards, or roughly, plots 6 
by 5 yards. 
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At Boathwiok, Wilts, in 1902, on a e]&j nit, 
Maoure per perch Yield per acre 

1. No Manure 5 pecks 

2. Dung I owt, &nd Baperphosph&te 3 lbs, 7 peeks 
S. Dnng I ovt, Bapetphospbato 9 

plTu sulphate of potash 2 lln 19 pecks 

At^Danham, Bnffolk, Mr. QeorgeBndbroc^nuoiiired 

two perch plots with stable dung in the autumn of 1902 
and Itbter on asad artificiala on one of the plots. The crop 
in 1902 was: — 

tfanore per peck Tield per perch 

Dong only 6 pecks 

Dnng, Saperphoaphate S lbs, plus 

Sulphate of Potasih 1^ lbs. „ 
and in a note of the report he adds : — " The tops of the 
. onions not dressed with chemic^s mildewed daring the 
latter part of the season, when the tops on the chemically 
manured plots were green. The onione on the latter 
plot oontinoed growing for a longer period, and when 
harvested there were no picklers. " 

That a fnir crop otm be obtained without' the ase of 
cattle dnng is evidenced by the results of esperimeats 
carried out on the Hadlow Experimeitt Farm with win- 
ter onions : — 

Manures per acre Yield per acre 

Nitrate of soda 4 cwt. 

Superphosphate 6 cwt. 9 tons 2 cwt. 

Balphate of potash lowt. | 

In snch a case it does not pay to leave oat one of 
the phnc^al plant-foods either as a matter of economy, 
or beoanse toil is eonsidared rich enough in that 



661 



paitienlu ffx>d ingredient. On » plot adjoining the one 
abore. the harreit waa : — 

Mannze per aoie ' Yield per acre 

Tons Cwt, 

Nitrate of Soda 4 cyet. i 

^ 4 IS 

SnpeEpbospliate l> cwt. j 

It is pretty evident from the resulting crap that the 
soil needed potash in «a avsilable form, or the mere 
addition of 1 cwt. of 8utpliB>te of potash, which is less 

than is taken by a heavy crop, would not have made 
80 great a liifEerence in the harvests. When- cattle dung 
alone waa used on thiB farm, 1 2 tonn of the manure produc- 
ed 7 tons of onionB, while 25 tons inoreftsed the retoms 
bj 1 ton 11 cwt. only. 

Eat, where commercial fertilizers were used with 
cattle dnng. 

Average for 4 years 
12} tons dung, plus . 
4 owt. Nitrate of so^, f 

6 cwt. Superphosphate, f'^oduoed 15 tons 3 owt. 
1 cwt. Sulphate of potash. I 

It is seldom that the raiyat atcempca to grow so 
costly a crop ae onions withoat manuiing the previons crop. 

Even when a fair allowance of well-ratted cattle 
manate has l>een applied to the previooa btop, the addition 
of commereial fertilizers will repay the farmer, and, when 
thede render the plant-food complete and well balanced, 
they often double the harvest, as we find in an experi- 
ment at Calne, Wilts, where Mr. G. Smart made an ex- 
periment on loamy eoil. No manure was applied for the 
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ooioD crop, bat the pieTioas crop hod been tteatwd with 
doBg, witli the following t^rulta ; — 

Per Mie 

1. No fnrUier manure 12,160 Iba. 

2, Bame bb the aboTs, plus 

320. Ibe. Nitrate of Soda, })laa 17,600 

320. lbs, Basic Rkj;. 
a. As No. 2 plus 240 lbs Hulph&te 24,000 
erf potash 

Id & lepoit of tbe raatmria.! expeiimentB of Earl 
Broeldng's Market Garden in VorhalH a. Bnhr, the 

ch ef gardener, M. Boetbgens, records a triiil on a small 
plot, the resalt of which, translated into an acre harrest, 
ongbt to indnce the Indian cnltivator to start upon simi' 
lar trials. He says : — " In order to aeoei'tain the working 
of artificial fertilizers on onions, I chose two plots, each 
10 square metres (roughly 12 sq yaida) in aiae and manur- 
ed them alike with cattle dung. Besides thia, one 
received artificial fertilizers at the following ratepecacre, 
Sasic Slag 4 owt., 40 per cent. Potash Salt 1^ cwt, and 
Chitiaaltpetre (Nitrate of Soda) 3 cwt. 

The plot treated with the addition of artificial fartili- 
zen showed a denser and more luxuriant growth, while 
on that treated with oattle dang alone, the little onion 
iboots were very backward owinR to the hot weather, 
and the greater part of them became yellow. At the same 
time those in the plot on which ftrtiflcial fertilizeia were 
used grew strong and were able to resist the diawhaoks 
of the weittber. 

From the plot treated with artificial fertilizeni I 
obtained onions that sold for Bs.4-8 against Rs. 1-13 from 
that manured with oattle dtmg only. 



This voxte ont fox the aci:e Bb. 720 ob the y&lae o{ 

the oaions obiained from cattle manare and, Kb. 13OO M 
the price of thftt whete fertilizers were added. 

It seems scarcely nccossary to add anything to the 
foregoing by way of showmg the bene&ts to be derived 
from a well-balanoed oomplete fertilizer. 

But there is a further advantage to be derived from 
the addition of a oomplete' ntEbnaie to the 8 or 10 tonB of 
well-rotted oattle dang. 

To prevent harm done by onion maggotB, market 

gardeoers frequently use Bordeaux mixture, et&, Bprihk- 
ied on the plantE and lime, strong doses of liquid manoreSi 
etc., to destroy the young maggots by the eanitio action 
of the materials used. 

J. B. tiannes, the ■well-known HorlicQltnrist of Aera- 
chot, accordingly tried various fertilizers as both ineeoti- 
cides and manuring agents and drew the following con- 

duEiona : — 

1. Without manure the crop was totally destroyed. 

'2. Using lOi lbs. of Nitrate of Soda, the harvest 
pec ftcr« (about 120 Bciuaie yards) was t]70 lbs. but very 
many plantB were destroyed. 

8. With 10^ lbs. Nitrate of boda, 18^ lbs. of Buper- 
phosphote, 800 Ibe. reBolted : bnt in thiB plot also many 
of the plantB were mined. , 

4. By adding 10} lbs. Sulphate of potash to the 

above manure, the onion maggots were so destroyed 
that only a few plants suffered and the harvest was 
1,8401b/ 
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Bo ihkt the oomplets maaura aontaiDing potash act- 
ed in \wo waya, destroying the principal enemy of the 
crop and oonsiderably increasing the retnrna. To this 
m»y be added thd remark of M. L- 'Abbe Vwider 
Schueren of Alost that onions raised with the aid of com- 
mercial fertilizers are more eaa.ly preserved and leu lia- 
ble to sproat in Iceeping. 

In a land wheie cabtle dung is bo poor and so 
aeuee, it H good to. bring to the notiee of the f armen 
other fertilizers, which may enable him to spare Bome of 
his farmyard manure for the much neglected land that 
beua dry crope, and at the same time inereaae his hat- 
Tent and the monetary returna from it. 

' We therefore suggeat trials on a small scale oil 
eake as well as other fartiiizers nS an addition to the 
cattle mannre and when theae pay by retoming an in- 
cressed and healthy crop, to attmipt field ezperimentB, 
till, in coarse of time, no raiyat will think of raising a 
heavy crop only to let the land lie fallow foe a lang time, 
01 to starve the other fields for the sake of a bumper 
gftiden crop. 

We have saea that exoelleat oropa of onimu can 
afid MB grown in India and that when manure is not 
used It is soaeoely dne to ignorance, bat generally reaoita 
from want OS. means. We know also that a farmer who 
obtwna the aeoenary money apands it as a rule on 
mannresfor his garden crops. These few pages are not 
meant to teach the farmer anything of tillage in which 
thefa ia Utile vmtti knowing that he is net aware of : 
hot oar ami baa been to show the raiyat that there ate 
many other fertilizers that can be added to a smaller 
supply oE oal^e dung than is now oaed, ia order to pro- 
dooe M ffood isflpi ae he is aoaostomedto lad mocepay- 
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iog OQCB, thuB enabling biffl to sftve from gmdakl deple- 
tion the Iftodii under dry eropa. These last if treated 
aUBuaUy with a few toni of cuttle mannro per acre Mted 
ftom the gacden ero^, would give atMbetterxefciiniand 
rescue the farmer from much of the misery and debf in 
which he finds himself hopelessly sank. 

We presume the day is not far distant when co- 
operative loan banks will be scattered orez the country 
and the ponibility of obtaining money at TeawmaUe zatei 

will raise the Indian peasant from his state of apathy and 
despair, to a hard-working and enterprising farmer, as 
baa been the case during the lart thirty yean amongst 
the most poveny-Btrioken aifd debased cnltavators of 
many parts of Earope, who were in despair till the Land 
Banks removed them from the olatches of that present 
necessary evil, the mon^-lender. 
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